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SKEW ARCHES. 
1. 


By E. W. HYDE, C. E 
Written for Van Nostranp’s MacazIng, 


I propose in this paper to discuss to 
some extent three methods which have 
been employed in the construction of 
-oblique or skew arches, and to make a 
comparison of their relative security, 
facility of construction, etc. 

The three methods will be designa- 
ted as, 

lst. The Helicoidal method. 

2d. The Logarithmic method. 

3d. The “ Corne de Vache” or Cow’s- 
horn method. 

The first two names are derived from 
the nature of the coursing and heading, 
joint surfaces and their intersections -with 
the soffit, and the third from the soffit 
itself, which is a warped surface that has 
been thus named. They will be consid- 
ered in the order given above. 

The following abbreviations will be 
used throughout the paper : 

C jc, forcoursing joint curve, or inter- 
section of coursing joint with soffit. 

H j ¢, for heading joint curve. 

C js, for coursing joint surface. 

H js, for heading joint surface. 

H p. for the horizontal plane of projec- 
tion. 

_V P, for the vertical plane of projec- 
tion. 

P F, for the plane of the face of the 


arch 
Vou. XII.—No. 2—7 





Ex. s, for the extradosal or outer sur- 
face of the arch. 


THE HELICOIDAL METHOD. 


In this method the C j s’s and H j s’s 
are both warped helicoids, and of 
course their intersections with the soffit 
helices. 

Let C D D, C, be the projection of the 
soffit on the H P which coincides with the 
springing plane of the arch, and D’ V C, 
is a semicircle whose radius will be desig- 
nated by r. 

The Ex. s will be taken as a concentric 
cylinder projected in A B B, H, and B’ 
V’ A, and its radius will be designated 
by 

"To construct the C and H j c’s we will 
first develop the soffit. Lay off O, T=z 
==3,1416 r; the points of the curve D E F 
C, may be found by the principles of de- 
scriptive geometry or by means of the 
equation of the curve, which we shail ob- 
tain. The latter method is much more 
accurate for construction upon a large 
scale. 


Let A= D’D,, and 6 = angle C,D,D’ = 


obliquity of the arch; .*. tang. a, 


h 


Also @ = variable angle sQD’. The 





98 


VAN NOSTRAND’S ENGINEERING MAGAZINE. 





origin will be taken first at O. We 


have from the figure 

0, A=ae=—r 6. 

Oz= fh, ERP=—Yy. 

 tht+y_r(l— cos 6) = 1—cos 6 
i 2r 2 

1— cos 9 = "1 *Y 





2y 
h 


6 = cos “(- h ) 


=r cos" ~) | 
nig ow v4 


Solving for y we have 
h 
> cos 


(1) ; 


which is the equation of D E F C, with 
the origin at O,. If the origin be moved 
to O, the equation becomes 
A, # 
= sin —. 
r 


(2) ; 


From either of these equations the 
values of y for given values of x may be 
easily obtained by the aid of a table of 
natural sines and cosines. 

Having constructed the curve D EFC, 
join D and ©, by a straight line. This 
will be the development of a H je. At 
O, draw O, 8 perpendicular to DC, O, 
S is the development of } of a spire of the 
helix which forms the C j c’s, and corre- 
sponds to the curve O P R, 


The angle 70,S = TC, 0,=tang.— 


cos O= — 


whence 


xz 


—_— _ 
y ~" 


y= 


mar 


h 


-". TS=0,T tang 7 08=— =I mrtana 


Now divide D E F C,intoa convenient 
odd number of equal parts, so arranging 
it as to cause one of the Cjc’s as 6 D, 
to pass through D,. The developments 
of the C j c’s are of course drawn parallel 
to O, § through the points of division of 
the curve DEF C,. If it were not con- 
venient to divide D E F C, in such a man- 
ner that a line through D, parallel to O,S 
would exactly pass through one of the 
points of division, the direction of the 
C jc’s might be slightly changed, or the 
divisions between D, 6 and C, 6 might be 
made very slightly larger or smaller, as | 
the case required, then the divisions from 


D to 6 and from C,to 6’. The latter 
method seems preferable, since it pre- 
serves the perpendicularity between the 
C and H jc’s, and the difference in the 
size of the voussoirs would be so small as 
not to be noticeable. 

All the courses below 6 and 6, run out 
into the abutment, and the impost must 
be eut in steps, as shown in the figure, 
into which the voussoirs will fit. 

A GH B, is the development of the ex- 
trados, and the right line x y that of a 
helix in which one of the H j s’s inter- 
sects the Ex. s. O, R, is the develop- 


iment of the curve O L R,, in which a 


C js intersects the Ex. s, 


. h 
Tanzxy O,= = 
Tin OO; Rime ee 
$77 
Lal 
vr; 


nr 
Ah 


The C j s’s are generated by a right 
line moving on the axis O Q as one di- 
rectrix, the helix O P R as a second; and 
remaining always perpendicular to the 
former. Hence the V P is a plane direc- 
ter of the surface. 

The details of the construction of a 
| skew arch by this method are fully devel- 
| oped in “A Practical and Theoretical 
issay on Oblique Bridges,” by John 
Watson Buck, M. Inst. C. E. He, how- 
ever, makes the C and H j s’s hyperbolic 
| paraboloids instead of helicoids, as fol- 
\lows: The corners of the voussoirs are 
normals to the soffit at the intersection of 
the H and C j c’s, and hence are elements 
of the warped helicoids, which should 
form the H and C j s’s. The points 
where two of the normals on the same 
side of the voussoir pierce the soffit are 
joined by a right line, and this line is 
moved on the normals as directrices in 
such a manner as to pass over equal dis- 
tances, measured on the normals in equal 
times, by which operation a hyperbolic 
paraboloid is generated. The accompa- 
nying figure is an exaggerated represen- 
tation of the effect of cutting the stones 
in this manner. ABC DandEFGH 
are the developed introdosal surfaces of 
two voussoirs in successive courses. If 
the courses were not required to break 
joints, the stones would fit perfectly, but 
as this is necessary to the stability of the 


ar 
, = — tana. 
27 
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arch, that portion of a stone which is too | pressure as regards its parallelism to a cer- 
full will come opposite to the portion of|tain vertical plane, without reference to 
theonein the next course which is likewise | the angle it may make at any point with 
too full, and meets the hollow portion|the H P. This vertical plane is the place 
of one opposite to the hollow portion of|of the face of the arch. It is probable 
the next. ‘that the direction of pressure varies some- 
what with reference to this 
plane in different portions of 
the arch, especially if the crown 
D settles to any extent after re- 

r Sr moval of the centre, Still it 
i must be approximutely paral- 
ae lel to the P F, otherwise the 
a Ke < agp near B and A, would 
e unsupported and would 
The truth of these statements will) consequently fall. For the purposes of the 
appear as follows: The hy erbolic | investigation then the direction of pres- 
paraboloid evidently cannot coincide with | sure will be asswmed to be in a plane paral- 
the helicoid, as they are surfaces con-/|lel tothe P F, and from the results obtain- 
structed according to a different law. | ed we shall be able to see without difficulty 
The normals to the two adjacent corners | the effect upon the security of the arch 
of a voussoir are elements of both surfaces. | which would be produced if the direction 
The normal midway between these} of pressure were not parallel to the P F. 
two is also an element common t0/ Proceeding then on this assumption, a 
the two surfaces. Hence it is evi-|line drawn on the Cj s of any voussoir 
ident from the mode of their genera-|and lying in a plane perpendicular to the 
tion that the two surfaces intersect P F and to the H P ought to be horizon- 
each other along each of these three j/a/, but as this line would be the intersec- 
lines. A section of the surfaces by ation of a warped helicoid by a plane not 
plane perpendicular to the middle nor- containing an element of the surface, it 
mal would give something like the accom- | must be a curve, and can only be hori- 
‘zontal at a maximum or a minimum 
point, at infinity, or at some singular point. 
The intersection of the C j s of a voussoir 
| by a Aorizonéal plane should give a line 


a ae 


panying figure, ———>—— the straight 


line being the intersection with the hyper- | 


bolic paraboloid and the curve that with 


the helicoid. 

However, if the voussoirs are small 
compared with the whole arch, as in Fig. 
1, the difference between the paraboloidal 
and helicoidal surfaces in the length of | 
one voussoir will be exceedingly small, | 
and the stones will fit with sufficient ex- 
actness for practical purposes. Never- | 
theless, the tendency is to cause the pres- | 
sure to be unequally distributed, concen- 
trating it at K, K,, K, and at A, C, Eand 
G. The difficulty of cutting the warped 
faces of the voussoirs is considerably 
diminished by this approximate method. | 

An investigation will now be made of 
the security of an arch constructed ac- 
cording to the helicoidal method. | 

In order that there may be no tendency | 
in the successive ¢ourses to slide upon 
each other, it is evident that each C j s| 
must be at every point normal to the 
direction of the pressure at that point. 
We shall consider first the direction of 


|perpendicular to the P F, but this line 


would be also a curve, and could have the 
required direction only at one or more 
points. It becomes necessary then to dis- 
cover the nature of these curves and the 
direction of their tangents at the point of 
piercing the soffit. — 

In Fig. 1 (Frontispiece) the curves Q 
P’, a, Q P’, 5, etc., are the vertical projec- 
tions of the curves cut by the vertical 
planes, P, 2, P, &, ete., from the helicoid 
whose directrices are the axis O Q and the 
helix O PR. Thecurve Q P’c has a maxi- 
mum point at P P’ where it pierces the 
soffit; all those above it have a maxi- 
mum point outside the soffit, and those 
below it have one inside the same. 

The curves O P,r, O P, g, ete., are cut 
by horizontal planes through the points 
P, P’,, P,’, etc. The curve through P is 
not drawn, but if it were it would be tan- 
gent at P to the line P A. 

It is plain from inspection of these curves 
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that the courses below P P’ have a tenden- 
cy to slide upon each other in a direction 
from A, towards A, which increases as the 
abutment is approached. In Fig. 1 this 
point P P’ is on the tenth course from the 
abutment, and there are three coursing 
joints which would have a tendency to 
slide throughout their whole length with 
nothing to resist it except friction be- 
tween the surfaces. The partial courses 
would be prevented from sliding by the 
steps cut in the impost. Above P P’ the 
tendency to slide would be in the oppo- 
site direction, but would be so mall as 
not to affect seriously the stability of the 
arch. This will be evident from inspec- 
tion of the curves O P, p and OP, o. 

We will now investigate these curves 
analytically and determine the position 
of the point P P’. 

The distance TS, Fig. 1, is } the 
height of one spire of the helix O P R, and 


— *2", 
from eq. (3) 7 S= ah 


Call the height of one spire of the helix 
&,, then 
27°r 


yan ——, 


Let O be the origin of coords, the axis of 
the cylinder, O Q, the axis of Z, O T the 
axis of x, and the axis of y a vertical line 
through O. Then we shall have for the 
helix O P R. 
7 

sis ED 

22 ~=CS,» 
22 

hy 


=} 7' r tana. 


=z7'rtan a, 


+ 


oie 


whence 96 = 
Also 

272,72 2X2 

a—rcos 0=r cos tia ein, 


or substituting for A, its value 
. he 
=— — * SIN — 
(4) x in 


which is the equation of O P R, the pro- 
jection on X Z of one of the C j c's. 
he vertical projection, or the projection 
on X Y of this helix is 
(5) oxy =". 
To obtain the equation of the Cj 5s, we 
must find the equations of an element, 
and then eliminate the constant which 





fixes its position. Let one equation of 


the element be 
(6) 2= 2, 
To find the equation in terms of # and 
y, substitute in the equation 
YTA_LUNTN 
c— Y % — Xs 
of a line through two points the proper 
values of x, x,y and y, We have since 
all the elements cut the axis of z, 
%=oand y= 0. 
Substituting from (6) in (4) 
?,—=—r mes 
ar” 
and substituting this value of 2, in (5), 
.,r2 


sin? xP 





are 4a_Vy _ 


ha 
rT se 


Az, 
oot 


or making 2 general by dropping the 
subscript, 
™, zn 


which is the equation of a Cj s. ' 

Now, intersect this surface by a vertical 
plane perpendicular to the P F, whose 
equation is 


(8) 


in which q, is the intercept on X. 


—_ (a,—2) 

(9) .. y=—=-2z cot Ca") 
which is the equation of the curves 
Q P’ «, ete. 

In equation (9) if 

z= 0, 


— x cot 


2Q2r. 
= FZ la— %), 


=d0; 
(2n—1) a'r 
—— 
(2n—1) z 
2 


ifz=a— 


y =— x cot = 0, 


n being an integer; 
nmr 

2 > 
y=o—rectnr=\O, 


ifz=a— 
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n as before being an integer. Hence the 
curve has an infinite number of branches. 
It isto be noticed that equation (9) does not 
contain h, the only constants being 7, a, 
and r, hence the form of the curves Q P’ e, 
Q Pf, d, etc., is entirely independent on 
the obliquity of the arch. We will next 


_— equation (9) for a maximum, 
22 | 


») 





2(4,—2) 





<< 


2 (a, — x) 
ar 


(10) oh 


For a maximum 


oe r sin® 


Or 


Let = 

22 
— colu— —,; 
Pr sin’ u | 


dy 


82 


arsinru 
7 Pr sin U COs U 


9 ° 


= 


cot u = — 


(11) .°. fine — 
By solving equation (11) the values of| 
x for which y i is a maximum or minimum | 
can be obtained. It is only capable, how- | 
ever, of an approximate solution, but if | 
we obtain the x co-ordinate of the inter- | 
section of the locus of equation (9) with | 
the circle 
(2) att yt=ne, 
in which r, may have any value, and place | 
this value of « equal to that in equation | 
(11), we shall obtain the value of Xymax | 
when the maximum point is at the inter- | | 
section of the two curves. 
.. Substituting from (9) in (12) 
xp + x? co? u, =r? 
x? (1-+- cot? u,) = x? cosec? u, = r,’. 
(13) os MP, Sin Uy 
-. by (11) and (13), 
1 Pr SiN U, COS U; 
2 


| 





rT, sin Uu, =—e 


21, 
ar 


cos Uy == 


2 r, 


= U, = COs “(— - ‘) 
2 on) 


a 7 
i 1 
°. v= % — > cos aiai 


2 (a, — ») 
ar 


Denoting by + the value of x for | 
which y is a maximum when the locus 
of (9) is subject to the condition of hav- | 
ing a maximum point at its intersection 


with + y =7,’, and substituting the | 


value of x just found in the 2d member 
of (13), we have 


2r 
a— —a,+ 7% — cos s 
X ani —rsn|( 1 1 ” cos (— 28) | 
ar 
° 
* —, ~ v. 
=r, sin cos (= J =) 


=r, sin nV, 4 — 4 7°, “4 
a 


_,, Vera 


xr 





(14) ym i 4 9, re 
a 
Let r,= 7, this being the condition 
that the maximum point shall be at the 
| point where the locus of (9) pierces the 
| Soflit, and we have 


(15) 
Whence 

(16) x ==0.771187 = r cos 39° 32’ 23”. 

This value of r may also be found by 
means of the curves OP,p, OP,o, ete. In- 
tersect the surface of equation (7) by the 
horizontal plane 


(17) 


oe & mi=—""2 


Xm = — VP —4 =r cos T. 


(18) 


or 


| the equation of the curves OP, p, etc. 


Differentiating 
dr xr , As 
(19) or peed? tee TY . 


3 
oor in (18) and (19) we have 


If z= 


dr 
—_— = 0 


=—c n 
x CH & d dx 


a r? 
beet that the lines z= + ZA are 


| asymptotes of the curves. 

| Intersect the circle x 2+ y%=r; by y= 6 

x= + ri — B. 
Substitute this value of x in (18) and 


} 


whence 


—3 


—/F vr? — & 


b 


hz 
+, fre i —b? = — b tan —G 


ar 
—— tan 


(20) 4=> h 








VAN NOSTRAND’S ENGINEERING MAGAZINE. 








z, is the z co-ordinate of the point in which 
the locus of (18) pierces the cylinder, con- 
«entric with the soffit, whose radius is 7. 
Substitute from (20) in (19), thus 





d rr —' + Vri—b 
dx, ~~ Fao" = | 
=... r = 1 2 

~~ bh J C08 cos  . ae 
} Noe | 


ay =—3(2) 


If r, = 7, when the cylinder mentioned 
above becomes the soffit, 
dz, ab 

(22) = h” 
which is the tangent of the angle between 
the tangent to the locus of (18) and the 
axis of x at the point where the locus 
pierces the soffit. If we make the con- 
dition that 


(23) an. 


dx, 
that is, that the tangent at this point shall 


be perpendicular to the P F, we have 
from (22) and (23) 


anne, 
=——, 


a 
| ios 
(24). b=~"=0.63662 r=r sin 39° 32’ 23” 


which agrees with equation (16). 

It is thus apparent that in an arch con- 
structed by this method the portions be- 
low PP’ or beyond the line 7y on the 
development, should be omitted ; i.e., the 
arch should be always seymental with a 
span not exceeding 
2 r cos r=2 r cos 39° 32’ 23”—1.54236r, 
provided that there is to be no tendency 
in the successive courses to slide on one 
another. The amount of this tendency 
to slide and its relation to the obliquity 
of the arch will next be investigated. 

Let us obtain an expression for the 
angle 6 P, « between the tangent line to 
O P,r at P, and the line P, 2 perpen- 
dicular to the PF. Let 2 P, u=0’ then, 
equation (22), 


= tan" eae tan? ab 
h h 
(25) 
, mt 2 —_ 
* tan O'—=tan(tan 1 . "tan 1 ~)= 








ar ab 
h — hk _h(Q@r—zbd) 
1425! AV’+226r 


If h =o, tan 0’ =0, .. Oo =0. 
If h=o tan 0’ = 0, .. WO = 0, 
6’ must be equal to 6 when tan 0’ =o 
because it can never equal, much less ex- 
ceed 90° ; for if it can equal 90°, then we 
must have from (25) 
V+227br=0, 
 h= ¥—2nbr’ 
i. ¢., A must be imaginary. It follows 
that there must be some value of A for 
which tan 6’ and therefore 6’, is a maxi- 
mum. By placing the first differential 
co-efficient of the function with reference 
to A=s, we find this value to be 


| 





(26) h=V27br. 
By this equation A = 2r cot a=1.0445r, 
—’ max —’ max 
when 6 = r sin 10° a = 62° 25’ for 
’ max 


this value of 5. 

Now the tendency to slide at any point, 
as P, P,’, depends upon the angle be- 
tween the normal to the C js at that 
point and the direction of the pressure. 
This last we have assumed to be ina 
plane parallel to the P F. We will now 
assume for the purposes of the investiga- 
tion that it coincides at the point P,P,’ 
with the direction of the tangent at that 
point to the ellipse cut from the soffit by 
a plane through the point parallel to the 
PF. Let p,— tangent of angle between 
ground line and tangent line to curve 
QP,’ a at the point P,’; then the tangent 
of the angle between the tan line to this 
curve in space at the point P, P,’ and 
the H P will be = p, cos a. 

Let p, = tangent of angle between a 
vertical line and the tangent line to the 
circle D’ V C, at the point P,’ = angle 
P,Q C,, then the tangent of the angle 
| between a vertical and the tangent line 
at P, P,’ to the section of the soffit par- 
allel to the P F will be = p, cosec a. 

Now to find the angle between the 
normal at P, P,’ to the C js, and the tan- 
gent to the section parallel to the PF, 





_we have given two sides and the includ- 
(ed angle of a spherical triangle, the in- 
| cluded angle being 6”. 
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Let N=angle between normal to 
‘Cjs,at P,P, and vertical = angle be- 





tween tangent plane to C js at P, P,’ an 
H P then we find the value of tan N to 
be tan N = p, cos a@ cosec 0’. 


(81). olen Maa = 00 F___ 
¥1-+ p; cos* a cosec, 0 
1 
V14+ p? cos* a cosec* 

and if ¢, = tan~"{ p, cosec a), we have 
(29) sin = SO A __ 
V1-+ p,’ cosec* a 
1 
Viiplconed a. 
By spherical trigonometry 
(31) cos ® = cos N cos t, + sin N 
sin t, cos 0’; whence, by substitution 
(32) 





(28)  cosN= 


(30) 





cos t= 


cos ® = 
1+ Pp p’ cot a cot & 
V (149? cos* a cosec* 6’) (1-++-p,? cosec* a) 
Multiplying numerator and denominator 
by sin a sin 6’, this becomes 
(33) 

0 & sin OF pp, cos a cos O_ 
~ W(sin? 6’+-p} cos? a) ( p.?-+sin? a) 
If in this equation a = 0, then by equa- 
tion (25), since h = 2 r cot a, 6’ =0, and 





cos ® 


hence cos & = PP _ 1, .. Oz 9, 
Pip 


If a=90°—i.e., the obliquity—0—by | 
(25) 6’=0, and hence cos ® = & inde-| 
The reason for this is, that | 
the tangent lines to the curves ¢ P,»| 
QP,’a, and OP,r»P’,7 by which we have | 
fixed the position of the tangent plane | 


terminate, 


coincide when a=90°. The value to- 





wards which cos ® approaches, however, 
is unity, as @ approaches 90°, for from 
the relations between the quantities it is 
evident that when 6’=0, N must equal 
t,, and hence by equation (31), 
cos D=cos* t,-+- sin 2t,=1; .. Oo. 

It follows, therefore, that there must 
be some value of a for which cos @ is a 
minimum, and therefore ®a maximum, 
for any given values of p, and p,. Ow- 
ing to the complexity of the expression 
for cos®, this value would be very diffi- 
cult to obtain by differentiation ; but it 
can be determined approximately by 
calculating a series of values of cos ® for 
different values of a This has been 
done, with the following results: 

The point for which the calculations 
are made is P, P’,, for which 


x= —r cos 10°, y = b =r sin 10°, z= 


+ 
cee Ps = tan 10°, and p, = 0.47011 — 


9A 


tan 25° 10’ 43”, the value of p, being 
found by equation (10). 


” 
” 
” 
” 


0 ‘003 =? 
= 6‘ 0hk=” 


= 9‘,0lI=” 


» *,0G GL FI 
IT HIAVG 


, ‘0S Aial ok 
® » ‘008 l=, ‘08=” 


® » §,00 OT ols 


@ 
@ 


MOE LE FL =P PUL Th Zh oF8=.9 ‘.09—=P WHY M 


00 LE 06% 
00 FP oFE 
00 00 olf 
00 12 0G 


From this table it appears that @isa 
maximum when @ has some value not far 
from 20°. 

If the point considered be PP’ for 
which x =r cos T = r cos 39° 32’ 23,” and 


y = b=r sin 39% 32’ 23”, 


we have 0’=o0 and p, =o, .*. in equa- 
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tion (33) cos ® = $, and from the same 
considerations as when a = 90°, we find 

cos ® = 1, whence = 9, 
without reference to what the value of 
a@ may be. 

If, as is very probably the case, the 
direction of pressure is not exactly par- 
allel to the P F, but inclines somewhat 
towards the plane of the right section of 
the soffit, the effect will be to increase 
the tendency to slide on the C j s’s. 
Near the springing plane, however, the 
direction of pressure in a vertical plane 
will not be exactly parallel to the tan- 
gent to the oblique section, but will 
make a less angle with the H P, which 
will tend, especially when the obliquity 
is considerable, to counteract the previ- 
ously mentioned effect. This refers to 
portions of the arch below P P’ for which 
y =r sin 39° 32’ 23”; above this, the 
tendency to sliding being in the opposite 
direction ; if the line of pressure incline 
towards the plane of right section, it will 
decrease this tendency, and thus add to 
the stability of the arch. It is evident 
from inspection of the table of values 
of ® that a full centred arch should not 
be built by this method unless with a 
small obliquity, and then it would need | 
to be thoroughly supported by the| 
spandrels. 

These results differ entirely from those 
obtained in Chap. VII. of Buck’s treatise 
on oblique arches already referred to ; in 
fact, are in direct opposition to them. He 
derives a formula for the value of 7 de- 
pendent upon the obliquity of the arch, so 
that rt decreases with a, or as the obli- 
quity increases, and infers therefrom that 
the safety of the arch increases as it be- 
comes more oblique up to about 25°. I 
should state that his 7 has a slightly dif- 
ferent signification from mine. He under- 
takes to find the point at which the curves 
Q P’c, Q P’d, ete., cut the intrados and 
extrados at the same height above the H 
P, and calls the angle included between 
a radius drawn to this point of the intra- 
dos and the H P the angle z. It will be 
evident from inspection of the drawing 
that this would give to 7 a somewhat 
greater value than I have obtained, but 
still independent of a, since the only con- 
stants in equation (9) are @, 7, and r. 

The following table taken from his 
book gives the values of r obtained by 
Buck from his formula for certain values 





of a, from which he derives his inferences 
with reference to the security of oblique 
arches. 


TABLE FROM BUCK’S ESSAY ON OBLIQUE 
BRIDGES. 
a = 65°, then t = 27° 17’ 
a= 55°, “ 125° 13’ 
tT = 21° 47’ 
== 15° 38’ 
t™T= 0° 0’ 


this table he re- 


When 


“ “ 
“ 


“ 


Immediatel y under 


marks, “It will be observed that the last 
angle is given 25° 40’, at which the point 


tT descends to the level of the axis of the 


cylinder, and the whole semicircle is safe.”* 


By looking at the table of values of @ it 
will be seen that, for this value of a, ® 


will be about 32° or 33° at 10° above the 
springing plane, 7 of course being 39° 32’ 
23” instead of o, and hence the arch will 


be anything but safe if a complete semi- 


cylinder. 


One incorrect assumption made by Buck 


in his derivation of the formula for the 
value of 7 is as follows. 
may be shown that the tangent of the 


He says: “ It 


angle which the tangent to the intradosal 
spiral makes with the horizon diminishes 
as cos 7.” He does not show it, how- 
ever. 

Call the above mentioned angle 7, and 
the angle between the tangent to the 
helix at any point and axis of the cylinder 
f, then the true relation is 

sin t) = sin B cos T 
sin B cos tT 


tan ? — A int B coe Te 








In the figure suppose A P to be the 
horizontal projection of an element d s of 





*The italics are mine. 
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the helix coinciding with the tangent line 
DE. A’ P’ is its vertical projection, and 
A, P, its revolved position about a hori- 
zontal line in a vertical plane through P. 
The angle A, P, C, = ¥, and the angle 
CA’P =t. 
.. ds sin =A, C, = A’ C=A’ P’ cos 1; 
but A’ P’ = ds sin B; 
oe sin tb = sin B cos Tt. 
At the springing plane the tangent to 
the elliptical section parallel to the P F 
becomes vertical, and the value of @ is 


2 
(34) tan @ ——~= > cot a. 


At the crown it is 

__ (2—2) cota 

- L2eofatxz 
The following is a table similar to table 

I, giving the values of @ at the crown 

and springing plane, derived from equa- 

tions (34) and (35). 


(35) tan @ = tan 0’ 





TABLE II. 


At the Crown. At the Spring- 


ing Plane. 
When a=60° -%,—= 9° 50’ &,=—=18° 20’ 
“  @=50° -D,—11° 53’ D,—=28° 7’ 
“ a=40° -D,=12° 49’ O,=37° 11 
“ q=30° -b,= 9° 16’ 0,,=47° 48" 


%, =0,' is a maximum by equation (26) 
when a = 88° 35’, for which valueof a we 
find 6, = 12° 50’. 

At the angle a = 25° 40’—the last one 
given in the table extracted from Buck’s 
work—the line which he finds to be hori- 
zontal makes an angle with the H P ofa 
little more than 29° 51’, that being the 
angle between the tangent to the locus of 
equation (9) at the point R» C, and the 
H P. 


It will be noticed that the negative sign 
of ®, in Table II. comes from the fact that 
in equation (35) z is greater than 2. It indi- 
cates that the tendency to sliding is in the 
opposite direction from what it is below rT. 





THE STREET-PAVEMENT QUESTION.* 


From the ‘** Journal of the Society of Arts.” 


Ir would not be easy to find an illus- 
tration of the waywardness of public 
opinion, and of the inability, mental or 
moral, of the great mass of people, to 
award righteous judgment upon the vari- 
ous facts which are before them, clearer 
than appears in the controversy carried 
on as to the merits of wood and asphalte 
for pavements. 

Interest and caprice struggle against 
manifest public utility, and it will be by 
accident, or by something more sordid, 
that the best will win. When these two 
forces contend, public good is too often 
used on either side as mere pretence. 

1. It is submitted that impartial exam- 
ination of the facts determines the conclu- 
sion that asphalte is the best known 
pavement. It has more of the qualities 
that are useful, and less of the undesira- 
ble, than any other substance. 

2. Friction—resistance to moving bo- 
dies—is the unavoidable difficulty in the 
way of easy and rapid street transit. 
Asphalte causes the least friction. It is 





* From a Paper presented to the Society of Arts. 





almost as smooth as the iron rail itself, 
and it is moreover elastic. Hence horse 
power is by it economized greatly. A 
heavier weight with equal power can be 
moved over asphalte than over wood or 
stone, except it be on steep gradients. 
Equal horse power will move a greater 
weight, hence asphalte is a better and 
kinder economy. A horse will draw his 
old usual load—almost always the utmost 
he can move—with less fatigue, thus that 
costly and interesting laborer, the horse, 
can live and work longer, and will there- 
fore be rendered more profitable to his 
master. 

3. The horse will have a more comfort- 
able life of it by reason of asphalte. In 
these times, when such refined interest is 
lavished on the working classes of all 
sorts, the horse has some claim to be con- 
sidered in public improvements, seeing 
that he is about the best behaved of his 
order, rarely requiring the policeman, and 
rarely deserving the whip, certainly not 
oftener than some other classes of work- 
ers. He joins not unions, nor strikes; in 
truth he submits but too quietly to some- 
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times very hard usage and hard fare. 
Greed unfortunately deprives him of the 
agreeable advantages of asphalte, and be- 
cause he can now draw more than his 
former normal load, he is made to draw 
more. Some time ago, when it was pro- 
— to raise and level Holborn valley, 

umanity urged claims on behalf of tha 
horse ; it was said he would not be urged 
to draw so heavy a load up-hill. An as- 
tute person said such isa mistake. “ Level 
Holborn hill, and the horse will be the 
sufferer in the long run. Now, in his 
course from Aldgate to Oxford street he 
is loaded in reference to the difficulty of 
the hill, and therefore he is loaded under 
his strength for all the long remainder of 
his journey. Fill up Holborn hill, and 
more will be wrung out of him.” This 
applies already to tramways, and will be 
applied generally to asphalte. The horse 
is no gainer, alas! 

4. By reason also of its little friction, 
asphalte wears away and abrades moving 
bodies less, and thus it creates less dust. 
Its elasticity, though little heeded, helps 
this. Of its own proper substance the 
least possible is worn away. Some say 
it is not worn at all, but is forced out of 
perfect level and rolled closer, especially 
when there is continued pressure in one 
narrow line or groove. Hence it is not 
so well suited for narrow streets. Prob- 
ably asphalte pulverizes less than any 
known body. 

5. Asphalte is in itself clean, in itself 
or from its own abrasion, or it is clean 
compared with any other kind of pave- 
ment. It may be kept clean with the 
least labor and cost. All matters—and 
there are many—which are offensive to 
the senses and to the health, can be and 


are at once easily removed with even lit-| 
The cartway may be| foot people quite unavoidably. 


tle or no stain. 





der fashionable costume, ladies—i, ¢., 
those who do not ride in carriages—reso- 
lutely employ themselves in sweeping the 
dirtiest of the streets, whether of the mud 
or dust. The costliest and most delicate 
fabrics, gracefully or not gracefully at- 
tached to their persons, do the work of 
the besom or “squeegee.” The proper 
course would be to let such matters flow 
away along kennels and sewers, but by a 
sort of antiperistaltic motion they are 
brought up into our homes, into our very 
kitchens and ,bedchambers. Moreover, 
what the domestic sweeps out of the 
house the fine lady brings back again 
upon her clothes and person; thus an 
ever revolving cycle removes and restores 
dust or mud poison. No sooner is the 
dirt of the house swept up and out, than 
it is brought back in no inconsiderable 
quantity. 

6. We cannot annihilate mud and dust, 
but by the use of asphalte it can be re- 
duced to its minimum, which indeed, is 
all that can be done in human affairs. 
To diminish evils is all that we can do. 
These are real practical gains, but under- 
stood only by observing persons. Few 
care about dust if it do not quite blind 
their eyes or make them sneeze. The 
poison of it they know not, nor do they 
care, Dust seriously injures the shop- 
keeper’s costly stock, whether of fabrics 
or of watches or jewels. Whoever has 
looked at Cheapside and the Poultry in 
the granite age, looking from the Ex- 
change westward, will have seen in clear 
dry summer weather an atmosphere of 
almost impalpable dust like fog. Under 
asphalte which has been down four years 
this is much less, indeed it is scarcely 
visible. Dirt is brought into our streets 
from distant places by carriages and by 
Let us 


kept nearly as clean as the footway. As-! not through prejudice or interest infest 


phalte presents an even, smooth, and con- 
tinuous surface. All other materials are 
joined, and the joinings are receptacles 
for the worst compounds of mud and 
dust. Hence the footway derives much 
of its dirt. Utmost cleanness is a prime 
condition of health and comfort. Dirt 
begins with the street, and ends inside 
the house, from the cellar to the attic, 
wherein are blown the unsavory matters 
of the street when in the state of dust. 
Asphalted clean streets are now espe- 
cially required, seeing that disguised un- 





the city with the maximum of this noi- 
some evil, nor by block-pavement of 
wood, or stone, reticulate the streets with 
joints or meshes, wherein is collected dirt 
for redistribution again and again. 

7. For the purposes of cleanliness as- 
yhalte bears the same relation to wood- 
locks that modern crockery or china- 
ware bear to the ancient wood-trencher. 
Who would endure the wood-trencher of 
very doubtful cleanness—suspicious of 
sand—when he can have a smooth-glazed, 
absolutely clean plate of earthenware ? 
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Or who would take his ale out of a wood-| more in their crossing over the small 
en cup, or a gourd, if he could obtain a| middle passage, which is only now a few 
beaker of crystal glass, just because wood | hundred yards from one railway to 
is less breakable? Better risk the break-| another. By metropolitan railways they 
ing by slipperiness of these smooth| gain time by the hour; let them submit 
cleanest surfaces of these plates or glass-}to lose time by the minute for the great- 


es. 


kinds last longer, much longer, when used | 
on asphalte. The tyres, the spokes and | 
naves, the springs and rivets, all that be- 
long to chariot or waggon, are less shaken 
and not so soon worn up. Hence the 
money gain must be very considerable as | 
to the greater durability of carriages | 
which are moved over asphalte. 

9. There are two evils which do per- | 
tain to asphalte to which wood-blocks are 
not so obnoxious. Horses do not get a 
sufficient foothold by which they can 
draw loads over gradients of 50° or 60°. 
For such places as London bridge and | 
Ludgate hill, blocks of stone or wood | 
must still be used. And why not? Who| 
would insist on the constant use day by | 
day of umbrellas and waterproofs against | 
the contingency of a shower now and) 
then, or of an occasional wet day? Who} 
would keep a drag on the wheels of his | 
carriage for the occasional incident of a| 
steep gradient? The admitted evil of| 
asphalte is its slipperiness in certain but | 
very rare states of weather, such as do| 
not occur once in 100 hours. Surely peo- 
ple honest and in their senses would not | 
abandon the best known pavement be-| 
cause once in 100 hours horses are more | 
liable to fall, and when they are fallen can- | 
not so easily get up. When there is frost 
after thaw, streets are slippery by reason 
of ice. People just then must be more! 
careful, and they must drive slowly, and 
use other appliances. Board-schools, | 
among other things, will soon train up an 
intelligent race of drivers, or they will not | 
be of much practical use. If people will 
drive fast without care, they must bear | 
the consequences. Give drivers of public | 
carriages some reward if their horses do 
not fall, and impose a small fine if they do | 
fall, and an effectual remedy will be 
found. ; 

10. Further, seeing how much ease and 
rapidity of transit is now enjoyed by 
reason of railways, which in the centre of 
the metropolis are almost continuous, it 
is not too much to require people, even 
our merchant princes, to allow ten minutes 


est public improvement. So dangerous 


& This is clear, that carriages of all|is rapid driving over certain central 


places, that it was once proposed that all 
carriages should proceed at a walking 
_ from the Exchange, the corner of 
sombard street, Princes street, etc., just 
to the east end of the Poultry, where 
seven thronged streets converge. The 
objection made was fatal ; it would inter- 
fere too much with the dearly cherished 
liberties of Englishmen, a liberty to be 
enjoyed in this case by riding English- 
men, of running down walking English- 
men. It is no refinement to say that by 
the use of asphalte the brain and head 
are relieved of the incessant rough vibra- 
tion caused by transit over stones, and 
this relief must be beneficial to health. 
Who would willingly travel London 
streets paved with any other material but 
that which causes the least vibration, 
shake, or jar? This one advantage, fairly 
estimated, will probably quite weigh 


against the greater slipping for horses. 
11. The remedy against this one evil 

of asphalte is complete. The contingency, 

which happens om | during one hour in 


100 hours, is to be overcome by the 
abundant use of sand or gravel, or by 
what is better—water. Water was tried 
in the city for fourteen days continuously, 
during a large portion of which long 
time it was not wanted; but so far as 
slipping was concerned, it was an effectual 
preventive. Can we overestimate the 
folly which rejects so admirable a pave- 
ment for a remediable evil, an evil which 
occurs so rarely ? 

12, ‘The rival material is wood in 
blocks. Both are comparatively noise- 
less; wood is, indeed, more so. Asphalte 
returns the blow of the horse’s foot, though 
not the noise of the wheel friction. The 
evils of wood seem to outweigh this one, 
or at most these two admitted advantages 


'which it has—(a@) wood is not slippery ; 


(5) it is more suitable for gradients. 

13. On the adverse side, wood is con- 
tinuously wet or damp. Wood is porous; 
it is composed of bundles of fibres. It 
absorbs and returns wet—foul wet espe- 
cially. The fibres of the wood are placed 
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vertically; the upper ends whereof fray 
out, are abraded, become like painters’ 
brush stumps, and are about as perma- 
nently dirty; or they break up like the 
wooden handle of a chisel which has been 
struck with an iron hammer, or a wooden 
mallet when used upon an iron chisel. 
This fact is beyond all question. Wood 
is wet or damp more or less, except dur- 
ing continued very dry weather. Its 
structure is admirably adapted to receive 


after rain. Moreover, the weod-blocks 
themselves are already very much worn; 
the interspaces have become wider and 
very ragged. Wood will not endure the 
severe action of waggon-wheels, breaking 
sharp flint pebbles into saws, knives, and 
rough wedges. These are fast destroy- 
ing the wood-pavement. Not another 
yard of wood should be laid down any- 
where until the coming winter has passed ; 
é. e., until April 1, by which time the 





and hold, and then to give off in evapo-| wood-pavement of King William street 
ration very foul matters, which taint the | will probably be worn into rags, like old 
atmosphere and so far injure health. The | felt roofing. If such beits present ragged 
comparative condition of these rival pave-| condition at the end of a most favorable 
ments was well illustrated by King Wil-| summer, we ought to continue the ex- 
liam street and the end of Cannon street, | periment during the severe trial of the 
near the railway station, on Saturday | coming winter before extending its use, 
afternoon, August 29. After a‘day of|There is no need of so much hurry, ex- 
much rain, one was dry and clean, the|cept in the interest of trading parties, 
other was intolerably muddy. Absolute | who would of course rather get the streets 
cleanness and dryness is a prime condi-| paved with wood before its evils are bet- 
tion; wood is the extreme contrary of|ter known. Mr. Heywood’s report, 17th 
this. It is absolutely dirty, and is almost | March, 1874, is admirable for logical 
continually damp. The joints of the| precision. It sets forth with judicial 
wood are packed with tar, stones, and/impartiality the relative good and evil 
mud, and become magazines of poison | of wood and asphalte, The public is left 


whether they remain dry or not. Asphalte|to judge. While Mr. Heywood seems 


presents a continuous smooth surface,|no partisan, there can be no doubt that 
impervious to wet, while wood pavement, his paper leaves the fact established thet 
made of reticulated meshes or net-work, | asphalte is the best pavement known, In 
collects and holds dirt and damp poison | concluding these remarks, I beg to ob- 


intermixed, |serve that I have no interest whatever 
14. There is another evil to which|in the question, other than having an 
wood pavement is liable, and it should | anxious wish that the comparative merits 
be no further used until more proof is | and demerits of the two materials—wood 
obtained one way or another by the ex-| and asphalte—should be candidly exam- 
periment of a severe winter. It is sug-|ined and proved by observation and ex- 
gested that an accumulation of water will | periment. 
form a substratum, and then by the ex-| N. B.—To meet the difficulty respecting 
pansion caused by frost, will dislocate | gradients it has been ingeniously sug- 
the blocks, and by their uprising| gested that broad tramways should be 
will render the surface very uneven, will | laid for the wheels, and a paved or mac- 





loosen the blocks themselves, and- cause 
them to eject water from the interstices 
when the thaw comes. The accumula- 
tion of water and its subsequent ejection 
between the wood interstices is shown 
already by the present condition of King 
William street, especially near the statue. 
We need not wait for the distinct force 
of frost, for to-day (September 7) there 
are considerable pools of watér (foul 
water) in various places, which evidently 
come from below. Here is all the mud 
of the olden time brought back again. 
The a close by is quite clean and 
ary. It is usually ye an hour or two 


adam footway be preserved in the middle 
of the streets for the horses’ foothold. 


Iron gives a description of a monu- 
ment recently erected by the town of 
Boulogne-sur-Mer to Frédéric Sauvage, 
who in France is considered to have the 
largest share of merit in practically ap- 
| plying steam to the screw as a motive 
| power, Sauvage spent his days and fortune 
\in perfecting inventions which brought 
him no profit; passing finally from a deb- 
tors’ prison to the madhouse, where he 
died July 19, 1857. 
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SAFETY VALVES: 


From “ The Engineer.” 


Tue Institution of Engineers and ee 4 
builders in Scotland deserve great credit 
for the energetic attempt they have made 
to settle the vexed questions connected 
with the construction of marine safety 
valves, with which our readers can hardly 
have failed to render themselves familiar. 
The action of the Board of Trade has 
long been felt to be oppressive in several 
matters connected with the construction 
of marine engines and boilers; and the 
code of rules laid down by the Board for 

roportioning and weighting safety valves 
les been pronounced especially objection- 
able. For a long period only dead- 
weighted valves would be passed by the 
surveyors of the Board; and although 
this rule has been somewhat relaxed, all 
valves not loaded with dead weights are 
still looked upon with doubt and sus- 
picion. The ;rule that marine safety 
valves must invariably have a minimum 
area of half a square inch for every square 
foot of fire-grate is, however, still rigidly 
enforced ; and this without any regard 
being had for the peculiarities of the 
valve, the rate of combustion, or the 
pressure at which the valve is intended 
to blow off. If it could have been shown 
that the area fixed bythe Board of Trade 
was the best that could be adopted, no 
one would have had reason to complain ; 
but engineers familiar with the subject 
have long felt that the rule has no solid 
basis of experimental fact; that it was 
adopted, in short, simply because the 
Board of Trade do not know of any bet- 
ter rule, and are too indolent or too care- 
less to endeavor to frame a rule which 
would be more satisfactory. The Insti- 
tution of Engineers in Scotland includes 
among its members a very large number 
of marine engineers, and questions con- 
nected with safety valves have, as a mat- 
ter of course, been freely and frequently 
discussed by those gentlemen at the ordi- 
nary meetings of the institution. The 
subject was of vital importance indeed to 
them, and as little progress could be made 
with the Board of Trade, it was at last 
determined that a committee should be 
appointed to investigate the action of 
safety valves experimentally, and report 
on the whole subject to the institution. 





The committee assembled consisted of 
Messrs. Walter Brock, James Brownlee, 
J. L. K. Jamieson, E. Kemp, H. R. Rob- 
son, and David Rowan. The report pre- 
pared by these gentlemen was laid before 
the institution about four weeks ago. It 
has since been printed and issued to the 
members, and a copy now lies before us. 
It is a sufficiently interesting paper, and 
will add to the reputation not only of the 
institution, but of the three engineers, 
Messrs. Brownlee, Rowan, and Brock, by 
whom it has been mainly prepared. The 
first-mentioned gentleman contributes an 
able investigation of the laws determin- 
ing the outflow of steam through orifices; 
the second, the results of experiments 
made by him to ascertain the pressure to 
which steam will rise in a boiler above 
the load pressure, with valves havin 
half a square inch of surface per foot of 
rate at different pressures; while Mr. 

. Brock supplies the results of experi- 
ments which he has made regarding the 
strength and action of springs as applied 
to the loading of safety valves. All the 
experiments were practically new, and 
were carried out with special apparatus 
and great care. The report as a whole 
is so lengthy that we cannot find space to 
reproduce it entire. Extracts will how- 
ever be found on another page, and we 
shall explain here some of its more im- 
portant results and deductions, 

An investigation of the laws of the 
outflow of steam was obviously required 
as a basis for any reasoning on the pro- 
priety of the Board of Trade rule, It is 
true that many experiments have already 
been made to this end by Napier and 
others, which have shown that Weis- 
bach’s theory was erroneous; but the 
committee wisely determined not to rest 
content with what had been done by 
others, and so they constructed special 
apparatus, which we illustrate in another 
place, and reinvestigated the subject, with 
results in the main confirming the views 
of the late Professor Rankine, as enun- 
ciated in “ The Engineer” in November 
and December, 1869. One of the most 
important conclusions at which the com- 
mittee arrived is that the Board of Trade 
rule, specially intended, be it observed, 
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to apply to the case of boilers working 
with moderate pressures, is for those pres- 
sures radically wrong, while it is only 
approximately correct for higher pres- 
sures such as are carried in the present 
day. As an illustration of the truth of 
our assertion, we may cite an example 
given by the committee. An experi- 
mental boiler ww fitted up. This boiler 
had two furnaces, 25 square feet of grate, 
and 746 square feet of heating surface. 
It was provided with two safety valves, 
each 2} in. diameter, or 6.49 in. area. The 
total area was thus practically 12.5 in., or 
half a square inch per foot of grate, and 
therefore in accordance with the Board 
of Trade rule. The valves were loaded 
with dead weights, and were in ali re- 
spects in conformity with the received 
regulations. Now the special object of 
the Board of Trade engineer surveyors 
in determining the area ot safety valves, 
was to prevent any considerable aug- 
mentation of pressure after the valves be-| 
gan to blow. If the regulations do not | 
insure this, they must be regarded as im- | 
perfect, if not utterly useless. Now what | 
are the facts? With a load of 5 lbs. on| 





the engineer in charge may be. With 
the preceding facts before us, it will be 
seen that very serious accidents must have 
occurred over and over again if engineers 
had not used that common sense with 
which the Board of Trade refuse to credit 
them. To show still further how imper- 
fect and insuflicient the “half-inch rule” 
is, we may state that the committee give 
a table of the proper areas of valves for 
various pressures from 20 lbs. to 75 lbs. 
For the first, the required area of valve 
in the case of a boiler with 25 square feet 
of grate is 45 square inches, equivalent 
to two valveseach 52in. diameter ; while 
at 75 lbs. an area of 12 square inches 
would suffice, or a little less than that 
enforced by the half-inch rule. This table 
is inconclusive, because the committee do 
not supply any information as to the ac- 
tual experiments on safety valves from 
which it was deduced ; and it remains to 
be proved that any safety valve of the 
ordinary construction, no matter what its 
area may be, and loaded as the Board of 
Trade dictate, could prevent a very con- 
siderable augmentation of pressure. 

As regards the loading of safety valves 


the square inch, these approved valves| by springs, we reproduce Mr. Brock’s 


absolutely allowed the pressure to rise to| paper, so that we need not further refer 
13 lbs., or to 160 percent. more than they | to this portion of the report just now. 
ought! It may be urged that this pres- |The final conclusions arrived at by the 
sure is lower than would be met with in| committee we give here in their own 
practice, and that the matter is therefore | words: 

so far of little consequence. But this can-| “(1) The present practice in this coun- 
not be said of a pressure of 25 lbs. on the|try of constructing safety valves of uni- 
square inch. When loaded to this, the|form size for all pressures is incorrect. 
valves permitted the pressure to accumu- | (2) The valves should be flat-faced, and 
late to 36 lbs., or, in other words, to 44 per| the breadth of face need not exceed one- 
cent. more than they ought; and even with | twelfth of an inch, (3) The present sys- 
45 lbs, the pressure accumulated to 52 Ibs., | tem of loading valves on marine boilers 
being an augmentation of 15.5 per cent. | by direct weight is faulty, and ill adapted 
In all cases the lift diminished—-as we | for sea-going vessels, a considerable quan- 
have often pointed out that it does—as| tity of steam being lost during heavy 


the pressure increased, being for 5 Ibs. 
-325 in.; for 25 lbs., .1425 in.; and for 
45 lbs., .097 in. It will thus be seen that 
the Board of Trade rule really supplies 
no safeguard whatever, and that boilers 
fitted with valves passed by the survey- 
ors may be in hourly danger of explosion. 
We have heard it argued that sea-going 





weather, in consequence of the reduced 
effect of direct load—the result of the 
angle or list of the vessel, and also of the 
inertia of the weight itself, the latter not 
being self-accommodating at once to the 
downward movements of the vessel, and, 
moreover, the impossibility of keeping 
the valves when so loaded in good work- 
ing order. (4) That two safety valves 


engineers cannot be trusted to ease a 
valve or reduce the formation of steam, | be fitted to each marine boiler, one of 
and that for this reason care must be| which should bean easing valve. (5) The 
taken to supply them with safety valves | dimensions of each of these valves, if of 
which will be certain to relieve the boilers | the ordinary construction, should be cale 
no matter how careless or incompetent | culated by the following rule: 





SAFETY 


VALVES. 11¥ 





0.6 HS 
r 

A = area of valve in square inches. 

G = grate surface in square feet. 
HS = heating surface in square feet. 

P =absolute pressure in lbs. per sq. in. 
(6) The committee suggest that only one 
of the valves may be of the ordinary 
kind, and proportioned as above, and that 
it should be the easing valve. The other 
may be so constructed as to lift one-quar- 
ter of its diameter without increase of 
pressure, Valves of this kind are now in 
use, and one such valve, if calculated by 
the following rule, would be of itself suf- 
ficient to relieve the boilers: 


4XxG 
P 


or A = 


+ area of guides of valve, 


li HS 
or s— EX 


This valve should be loaded say 1 Ib. per 
square inch less than the easing valve. 


+-area of guides of valve. 


who prepared the objectionable rules 
did so conscientiously, and in the belief 
that they would secure the maximum 
amount of safety. Our complaint is that 
the officials of a great department have 
not willingly gone with engineers, and 
modified their regulationsin deference to 
the wishes of the great body of marine 
engine builders in this country. If they 
make rules, they should be prepared to 
substantiate them, and to prove that they 
are satisfactory in every respect, and that 
their sufficiency and completeness is a full 
equivalent for their arbitrary character- 
istics. But the Board of Trade have cone 
nothing of the kind. The rules they have 
prepared are not only empirical, but op- 
7 to well-known laws. It must not 

e supposed, for example, that it has now 
been proved for the first time that as the 
| pressure increases the area of a valve may 
|be diminished. That fact has, in its 
| broad sense, long been known. The In- 





(7) As experience in the use of valves of| stitution of Engineers in Scotland have, 
this pr ae is acquired, both may be | however, been the first to prove the fact 
of this kind, and one of them made to blow | on a sufficiently large and practical scale, 
into the sea without any increase of pres-|If it could be shown that the half-inch 
sure, the other to be the easing valve, and | rule erred on the right side, and gave too 


loaded 1 lb. per square inch in excess of|large a valve if anything, then there 


the working valve. (8) If the heating sur-| would be a legitimate excuse for its en- 


face exceeds 30 ft. per foot of grate sur- 
face, the size of safety valve is to be de- 
termined by the heating surface. (9) As 
boilers decay from age, it is necessary 


gradually to reduce the pressure of steam, | 


and the committee recommend that valves 
should be made of a size to suit the pres- 
sure to which the boiler may ultimately 
be worked when it becomes old. (10) 
Springs should be adopted for loading 
safety valves, and they should be direct- 
acting where practicable. When levers 
are used, the friction of the joints will 
cause an extra resistance, and consequent 
increase of pressure, when the valve is 
rising, and a loss of steam through dim- 


\forcement; but it actually errs, and that 
\considerably, on the wrong side. Thus, 
there are many old steamers running 
/now, and carrying passengers daily, the 
safety valves of which are loaded to but 
15 lbs., and in some cases to but 10 lbs. on 
the inch, these being reduced pressures 
|adopted because the boilers are more or 
jless worn out. Although the furnace 
|plates may be weak and the uptakes 
| patched and honeycombed, the steam- 
|generating powers of such a boiler are 
not impaired if it has been kept fairly 
well scaled. A considerable rise of pres- 
sure in such weak boilers is a very serious 
matter indeed. But it is none the less a 


inution of pressure before it will close.” fact that if such boilers have dead-weight 

We believe our readers will side with | safety valves, and half an inch of area per 
us in regarding these conclusions as tem- | foot of grate surface, they will be passed 
perate ; but we are by no means certain| by the Board of Trade surveyors—if 
that the formule given above will be uni-| otherwise all right—as safe; and this in 
versally accepted as satisfactory. That | the face of the tact that the pressure may, 
the report is opposed to the conclusions | under these conditions, rise from 10 Ibs. to 
of the Board of Trade is not the fault of | 19 Ibs., or 90 per cent., or from 15 Ibs. to 
the committee. We have no desire to|25 lbs. or 66 per cent., or possibly to 
speak harshly of the action of the Board | greater pressures than the makers or the 
of Trade as regards safety valves; on the | Board of Trade ever intended the boilers 
contrary, we believe that the engineers |to carry when quite new. 
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ETCHING IRON. 


From ‘Iron.’ 


Mocs time and attention has been de- 
voted by Prof. Kick, of Prague, to the 
subject of etching iron with acids. His 
method is not a new one for arriving at 
a knowledge of the quality of iron or 
steel, having been used with some success 
for a long time, but the care with which 
the professor has conducted his experi- 
ments makes them exceedingly valuable. 

Some kinds of iron exhibit what is! 
known as the passive state, and are un- 
acted upon by acids until this state has 
been destroyed by heating. The surfaces 
thus prepared were inclined to rust very 
soon. After a series of experiments with 
nitric, sulphuric, and hydrochloric acids, 
and etching solutions of copper salts, 
Prof. Kick found that a mixture of equal 
parts of hydrochloric acid and water, to 
which was added a trace of chloride of 
antimony, was the best etching solution. 
The chloride of antimony seems to render 
the iron less inclined to rust, so that, 
-after washing thoroughly in warm water, 
and applying a coat of Damar varnish, 
the etched surface may be preserved 
-quite clean. 

The smooth surface that is to be etched 
is surrounded with a ridge of wax an 
inch high, as is done in etching copper 
plates, and the acid is poured into the 
disc thus formed. Ata temperature of 
55 to 65 deg. Fahr. the action soon be- 
gins, as shown by the gas evolved; in 
winter, the etching is poor. The time re- 
quired is from one to two hours, but the 
-etching should go on until the texture is 
visible. Every half hour the acid can 
be poured off without removing the wax, 
the carbon rinsed off, and the surface ex- 
amined. If too much chloride of anti- 
mony is added to the acid, a black 
precipitate will soon form, which can 
easily be distinguished from the carbon. 
One drop of chloride of antimony to the 
quart of acid is sufficient. When the 
etching is finished, the wax rim is re- 
moved, the iron washed first in water 
containing a little alkali, then in clean 
water, brushed, dried, and varnished. If 
in a few hours it begins to rust, the var- 
nish should be removed with turpentine, 





which will also take off the rust, and then 
varnish again, 


The appearance of different kinds of 
iron when etched is essentially as fol- 
lows: Soft or sinewy wrought iron of 
excellent quality is attacked so equally 
by the acid, and so little carbon is sepa- 
rated, even after several hours’ action, 
that the surface remains bright and 
smooth. Fine grained iron acts the 
same ; the surface is still smoother, but a 
little darker. Coarse grained and cold- 
short iron is attacked much more vio- 
lently by acid than the above. In ten 
minutes, especially with the latter, the 
surface is black. After thirty minutes a 
black slime can be washed off, and the 
surface will remain black in spite of re- 

eated washings, and exhibits numerous 
ittle holes. Certain parts of the iron 
are usually eaten deeper, while others, 
although black and porous, offer more 
resistance. By allowing the acid to act 


for an hour or so, then washing, drying, 
and polishing with a file, a distinct pic- 
ture is obtained. Malleable cast iron, 
we know, rusts more easily than wrought 


iron, and it is interesting to know that 
the action of acids is also violent, the 
surface being attacked very violently. 
Grey pig-iron acts like steel; the etched 
surfaces have quite a uniform grey color. 
In puddled steel the color, after etching 
and washing, is grey, with quite a uni- 
form shade, and the lines are scarcely 
visible. Cement steel has a very similar 
appearance, the lines being very weak. 
In Bessemer and cast steel the etched 
surfaces are of a perfectly uniform grey 
color, with few if any uneven places, 
The softer the steel the lighter the color. 

On etching, the finest hair-like frac- 
tures are rendered prominent. A piece 
of steel, which looked perfect before 
etching, afterwards exhibited a hair-like 
fracture throughout its whole length. 
When different kinds of iron are mixed 
the acid attacks that for which it has the 
greater affinity, while the other is less 
acted upon than if it were alone. Etch- 
ing is exceedingly valuable to all who 
deal largely in iron, as it enables them to 
determine with comparative accuracy the 
method of preparing the iron, as in the 
case of rails, &c., as well as the kinds 


employed. 





ENGINEERING PROGRESS. 





ENGINEERING PROGRESS.* 


From ‘ Engineering.” 


Ir is a widely admitted fact, that the 
enormous impulse given to all industrial 
pursuits during the present century has 
been in a large measure due to the sub- 
division of work and specialization of ef- 
fort. 

A law of development is now recog- 
nized by some of the deepest thinkers of 
the present age, as controlling all growth 
and progress. The principal feature of 
this law is the subdivision of work. The 
development of an animal from a lower 
to a higher form of life is attributed to 
the different functions of the body grad- 
ually becoming more individual and spe- 
cial in their action. It is suggested that 
in the lower forms the different functions 
of respiration, digestion, circulation, ete., 
are performed by parts which appear to 
be very slightly different and hardly di- 
vided from one another ; that, as you pro- 
gressively examine the ascending forms 
of life, their differences and divisions be- 
come more and more definitely mark- 
ed, each function being gradually allot- 
ted to special parts, which act to the mu- 
tual advantage of each other, the diges- 
tive organs ‘performing their functions 
not only for the benefit of themselves, 
but also for the benefit of the lungs, the 
heart, the brain, etc., all of which are mu- 
tually dependent upon each other, any 
want of harmony in the action of one 


being at once felt by the animal which { 


forms the aggregate of all these functions. 
The higher the organism the greater the 
organization, such as I have described, 





appear that progress in civilization, or 
growth of any kind, must depend upon 
the division of labor or specialization of 
function. 

The progress of an art is also subject to 
the same law; the more you subdivide 
the processes the simpler each step ap- 
pears ; and the energies of a much greater 
number of men can be brought to bear 
upon the various subdivisions. Hence 
the gigantic development in our arts dur- 
ing this centnry. 

What has been stated generally with 
regard to the arts is especially true in the 
case of engineering. Engineering may 
be described as the art of applying, con- 
trolling, and modifying the various forces 
of nature resident in matter to the me- 
chanical advantage of man. 

The early engineers were men who, 
with large grasp of mind, and _ propor- 
tionate energy, attacked certain prob- 
lems, and with limited resources sue- 
ceeded in overcoming the natural difficul- 
ties of their enterprises, in such a way as 
to encourage their successors, with more 
extensive resources, to still greater ef- 
forts. As the number of the profession 
increased, the great variety of the prob- 
lems presented to their consideration nat- 
urally led to the subdivision of work, and 
we now find numerous branches of engi- 
neering, each branch having its own spe- 
cial followers. By this arrangement, the 
work in each branch is better done, be- 
cause each individual brings his mind to 
bear on a limited range of subjects, leay- 


until we arrive at man, the greatest and|ing other specialties to the efforts of 


most perfect of God’s creatures, whose | other men. 


wondrous functions of body and mind are 
elaborated, divided, and specialized to an 


| 


| 


For the benefit of the whole 
community this subdivision is undoubt- 
edly a great advantage, and every engi- 


extent far beyond what we see in any of |/neer who makes a fresh subdivision of 


the lower forms of life. Similarly in so- 
cial life, which is the aggregate of indi- 
vidual life, the most savage tribes are 
those which do not possess any subdivis- 
jon of labor, and the highest state of so- 
ciety is that in which the subdivision of 
labor is carried to the greatest extent. 
From these modern theories it would 





* Inaugural Address delivered to the Members of the 
Cleveland Institution of Engineers » the President, Mr. 
THomMas WriGHTSoN, A. I C. E., M. 1., M. E. 


Vou. XII:—No. 2—8 





employment confers a boon upon society, 
and helps forward the development of 
engineering as an art. 

But it must not be hidden from obser- 
vation that this specializing of effort has, 
unless closely watched, a narrowing ef- 
fect upon the individual, due to the small 
sphere of work in which his intellect is 
exercised, sacrificing those nobler and 
wider inquiries of the human mind, which 
a more extended field of occupation offers, 
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It does not require a very close scru- 
tiny into the engineering works of the 
— day to verify the fact, that the 

ulk of such a work is a repetition of pre- 
vious work which has proved successful, 
the principal originality being when the 
engineer has to adapt previous experience 
to altered conditions. Thus the civil en- 
gineer has to take into account variations 
m climate, geological formation, contour 
of country, rainfall, and many other con- 
ditions, before he can select which of the 
oft-tried plans of executing any particular 
work it is expedient to use. The me- 
chanical engineer has a fund of devices 
from which, according to the exigencies 
of the case, he may select a particular 
method of accomplishing his work. So 
also the mining engineer. From this it 
might appear that modern engineering 
dioes not tend, in the present condition of 
knowledge, to increase greatly in origi- 
mality. 

Again, commercial success being the 
great requirement of the ordinary capi- | 
talist, originality is to him a secondary 
consideration, so that he is tempted ed 





discourage the endeavor to introduce 


down by the celebrated Dalton, opened a 
fresh field for physical inquiry, the nature 


of matter in its atomic condition being 


attacked. Then came the gradual ac- 
ceptance of the undulatory theory of 
molecular motion, which, through the la- 
bors of Dr. Young, Chladni, Savart, and 
others, was accepted as accounting for 
the phenomena of sound as propagated in 
air, and then led to the acceptance of the 
same wave theory as accounting for the 
propagation of light, heat, and electricity, 
through the more subtle ethereal medium 
in which they travel. From the nature 
of such investigations the progress of the 
science of molecular physics has been 
slow, but the physicists of the last 30 
years have made rapid strides, and by 
careful experiments and rigid reasoning, 
have been able to demonstrate conditions 
of matter and force which, although un- 
perceived by the senses of sight, hearing, 
touch, or taste, can yet be visualized in 
the mind by the seeker after physical 
truth, 

In the study of matter, and the forces 
to which it is subject, the unity of crea- 
tion has been impressed upon the stu- 


anything which has not previously been | dent, and every year seems to bring fresh 
proved successful. proof of the co-relation of all the known 
These considerations make us fear that | forces of nature. Let us then consider in 
the future of engineering may be one of| what way the engineer has been or may 
less nobility than we have been accustomed | be benefited by the study of the molecu- 
to hope for, after reading the achievements | lar forces. 
of Smeaton, Watt, the Stephensons, Bru-| The phenomenon of electricity was, 
nel, and others, who originated the meth-| not many years ago, looked upon as an 
ods now so freely resorted to in ordinary | amusing experimental curiosity. Scien- 
practice. | tific men investigated the subject, studied 
It behooves us, then, to inquire whence | and classified the various phenomena, un- 
the future impetus to the progress of en-|til in the fulness of time arose Wheat- 
gineering science is likely to be given.| stone, who utilized this plaything, con- 
According to our definition, we as engi-| verting the curious toy into the most 
neers have to do with the various forces | wonderful means of communication ever 
of nature. These forces become percep-| given to the civilized world. Wheatstone, 
tible to us through the medium of matter. | by this application of science, gave to en- 
It is therefore highly necessary that we | gineering a new department. Telegraph- 
fully understand the nature of matter and | ic engineering is now a specialty, which, 
those conditions of matter which we call | like all other branches of the art, demands 
force. a knowledge of other sciences, many of 
Sir Isaac Newton immortalized himself! which had hitherto been considered as 
‘by discovering the laws which govern| quite remote, and dissociated from elec- 
the motion of masses of matter. By his| tric science. Without a knowledge of 
demonstration of the laws of gravitation, | physical geography, the telegraphic en- 
@ great impulse was given to physical in- | gineer could not undertake the laying 
‘quiry, an impulse which has been main-|down of a submarine cable. He must 
tained ever since his time, and which has| know much respecting the currents of the 
ied to marvellous results. The laws of| ocean, of its depths and temperature. He 
tthe science of chemistry, as first laid|has to design machinery, and invent pro- 
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cesses for the proper manufacture and| ledge, reliable and_well-authenticated 


testing of the coils. 


He has to adapt and | facts are required. These facts, if col- 


design vessels for their transport, with | lected on a scientific plan, not from the 
necessary machinery for their safe and/plant of a single ironmaster, but from 


effectual laying. i 
mous industry for which we have to 
thank the physicist. 


This is now an enor- | every furnace plant in the district, would 


} 
| 


. . . . ? 
under the searching scrutiny of scientific 


Practical success | men, soon lead to the clear perception of 


always stimulates further inquiry, and we |laws which are as yet imperfectly un- 
may be sure that electric science, as stud-| derstood, though occasionally stumbled 


ied by such men as Sir William Thomson, | against b 
Mr. CG. W. Siemens, and others, will yield | truth. 


enterprising gropers after 
Of one fact we may be sure ; that 


still further results for the benefit of man-| there are laws governing the action of a 


kind. 


furnace which cannot be contrary to the 


Let us now consider the connection | truths of physics, and itis only by theaid 
which exists between the physical science | of the known laws of physics that we 


of chemistry and engineering. 
begin at home, we cannot but see that 
the mysteries of the blast furnace can 
enly be solved by the aid of chemical 
science. With the exception of a small 
number, the ironmasters and blast furnace 


If we} 


engineers of this and other districts do} 
not scientifically study the working of) 


their furnaces. 


Great difference of opin-| 


ion exists as to the effect of certain con- | 
ditions, the result of which is, that there | 
are, perhaps, not two “ plants” in Cleve- 
land in which the conditions of the con- | 


struction and the working of the furnaces 
are the same. Every one seems to have 
imbibed some peculiar notion, which he 
supports with a confidence frequently in- 
versely proportionate to his information. 
A advocates great height and small bosh ; 
B large bosh and moderate height; C 
pledges himself to a flat bosh; D to a 
steep one; E considers nothing affects 
more favorably than a large bell; F will 
have nothing but a small one; G thinks 
that an open top gives a better quality 
than a close one; H quite differs from 
him; I stakes his reputation on high 
heats; J condemns them; and K out of 
another district says the blast should not 
be heated at all. And we might go 
through several alphabets to illustrate 
the number of points upon which in blast 
furnace practice variety of opinion ex- 
ists, 

As in the search for all physical truth, 
there are two paths by which we must 
come to a knowledge of the principles in- 
volved in the working of a blast furnace. 
From the known laws of chemistry much 
that takes place in the furnace can be de- 
-duced ; but there is also much that in our 
present state of knowledge is beyond such 
inference, To remedy this want of know- 





can intelligently compare the evidence of 
facts respecting the working of furnaces, 
which by an organized scheme of obser- 
vation may, we venture to hope, some 
day be collected in this growing district. 
Again, as another example, take the 
important connection between molecular 
physics and the strength of materials. It 
seems almost a law of nature that the 
transmission of any force through the me- 
dium of matter involves the change of a 
portion of that force. As in the trans- 
mission of the power of steam through the 
steam engine a portion is lost as mechani- 
cal power, and appears as frictional heat, 
so in transmitting power through a shaft 
or chain, a portion of that power appears 
to go towards producing a molecular 
change in the atoms of the iron, which, 
in the course of time, permanently af- 
fects the useful qualities of the material. 
These changes are probably of a chemical 
and a mechanical nature. How little is 
really understood by the engineer about 
this important element in the strength of 
material, and how many lurking dangers 
menace the public in consequence! Take 
for example the phenomenon of seam- 
rips in the egg-ended boilers so much 
used in this district. From some tests I 
have lately been making of the iron cut 
from the plates of two different boilers 
which had ripped at the seam, I found 
that the flame playing at the convex bot- 
tom of the boiler had affected the iron at 
the seam so as to make it cold-short, of 
small tensile power, and apparently crys- 
talline in its fracture. Further from the 
seam the iron appeared in all cases less 
injuriously affected. On annealing pieces 
of the iron cut from the seams, it was 
found that the cold-shortness had disa 
peared, and that the tests both for sonal 


























































116 





VAN NOSTRAND’S ENGINEERING MAGAZINE. 





power and ductility had been restored to 
their original condition. The plates in 
one of these boilers were Staffordshire, 
and in the other the best make of Cleve- 
land boiler plate. In the former the 
seam-rip experimented upon had led to 
an explosion which resulted in the de- 


struction of much property, though hap- | 


ily of no lives. When we consider the 
hundreds of seam-rips which occur, but 
are detected in time to avoid explosions, 
We appreciate the importance of under- 
standing fully, by the study of chemistry 
and physics, the molecular changes which 
occur in a boiler plate by the action of 
fire; as, if this action cannot be neutral- 
ized by some process of manufacture, it 
is important for the engineer to scheme 
some form of boiler which will be least) 
likely to invite the attack of this insidious | 
enemy. | 

Let us now glance at another most im-| 
portant investigation of the physicist | 
which has hitherto been unknown to) 
many calling themselves engineers, but | 
which holds out the promise of being the | 
means of making us acquainted with many | 
new facts, as well as of explaining many | 
old ones. I allude to the theory of the | 
conservation of energy. The leading idea | 
of this theory, as worked out by Carnot, | 
Mayer, Helmholtz, Clausius, Joule, Ran- | 
kine, Sir William Thompson, and a few 
others, is, that in the universe there is a 
definite quantity of force of all kinds. 
These forces are heat, electricity, mechan- 
ical and chemical energy, magnetism, 
etc.; and each of these forces is capable 
of being converted into any other of! 
them, but the total quantity of force in 
the universe remains the same. Thus, 
heat may be converted into mechanical 
energy, as by the expansion of a heated 
rod of iron which can be utilized in sev- 
eral ways to do work; or by the produc- | 
tion of steam, which works a steam en-| 

ine, thus producing mechanical work. | 

hemical energy can also be converted | 








as by radiation of heat into space the 
earth becomes cooler; but, as energy, it 
is still in existence in the universe. 

Now this generalization has not been 
arrived at without minute experimental 
investigation. Mr. Joule, an eminent phy- 
isicist of Manchester, twenty-five years 
ago, made a series of careful experi- 
}ments to ascertain the relation existing 
| between a given amount of mechanical 
| force and the heat generated by it. The 
experiments were conducted in the fol- 





‘lowing manner: A certain weight was 
‘|\made to descend a certain number of 
feet, and in doing so, by means of a silk 


thread passing over pulleys, to turn a 
small vertical shaft in a vessel full of wa- 
ter, oil, or mercury. Paddles were fixed 
to the vertical shaft, so that the power 
exerted by the weight (with the excep- 
tion of a measurable proportion lost in 
friction of pulleys, etc.), went to the pro- 
duction of heat in the liquid through the 
agitation of the paddles. After numer- 
ous experiments, Mr. Joule arrived at tlie 
following valuable scientific fact: that a 
weight of 1 lb. descending through 772 
ft., or a weight of 772 lbs. descending 
through 1 ft., develops mechanical en- 
ergy which, when converted entirely into 
heat, will raise the temperature of 1 Ib. 
of water 1 deg. Fahr. This is called 
Joule’s- equivalent, and is concisely ex- 
pressed by Rankine, in his definition of 
the first law of thermodynamics, as fol- 
lows: ‘“ Heat and mechanical energy are 
mutually convertible, and heat requires 
for its production, and produces by its 
disappearance, mechanical energy in the 
proportion of 772 foot-pounds for each 
British thermal unit ”—the said thermal 
unit being the amount of heat required 
to raise the temperature of 1 Ib. of liquid 
water 1 deg. Fahr., at or near the tem- 
perature of the maximum density of wa- 
ter, viz., 39.1 deg. Fahr. 

It must be clearly understood that me- 





crease. It may be lost to this world, 


into heat and mechanical work, as when chanical eneigy can only be entirely con- 
a charge of gunpowder propels a bullet, | verted into heat when no mechanical 
part of its force going towards the heat- |work is transmitted. For instance, if, 
ing of the gun and projectile, and part to| while Mr. Joule’s paddles revolved, a por- 
the propulsion of the ball. Electrivity | tion of the liquid had been raised perma- 


can also be converted into heat, mechan- 
ical power, or chemical energy. What- 


ever changes take place in the form of 


energy, the total amount in the universe, 
by this theory, does not diminish or in- 


nently to a higher level, the heat gener- 
ated in the liquid would then have been 
so much less in proportion to the me- 
chanical power so transmitted: or if the 
whole of the water could be raised euch 
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a height as to reproduce the whole of the} We can comprehend the fact that the 
energy of the descending weight, there| temperature at the tuyere may be percep- 
would be no increase of heat in the liquid. | tibly less than that in the stove, according 
For every foot-pound of mechanical en-| to the mechanical energy exerted by the 
ergy which is lost, a definite quantity of | reservoir of air to force the front particles 
heat is generated, and when work is per- | forward. We can also detect the loss of 
formed by the consumption of heat, for| heat and consequent power which results 
each foot-pound of work gained an) from wire-drawing of steam, and can 
equivalent of heat disappears. Professor | appreciate the advantage of having di- 
Tyndall performs a beautiful experiment, | rect and large passages for the steam te 
illustrative of the loss of heat when work} pass to the engine. The effect of the 
is performed. He takesa rigid hollow| use of Gifford’s Injector upon the temper- 
vessel, and pumps air into it until of a|ature of a boiler, and many other phe- 
considerable pressure. After allowing it | nomena which will suggest themselves to 
to cool down to the temperature of the| the thoughtful engineer, will be found to 
room, he places a delicate thermopile| bear close relation to this wonderful law 
(which will show the slightest variation | of the conservation of force. The prob- 
in temperature) in front of a stop-cock|lem of the engine builder is to convert 
on the vessel. On opening the cock the| heat into mechanical power. He is won- 
air rushes out of the orifice against the | derfully assisted by Nature in this work. 
face of the thermopile, which indicates | In the first place she has laid up a large 
at once a fall of temperature. He then |store of unconsumed carbon, in the shape 
takes a pair of bellows, and through a|of coal, which is eminently suitable for 
nozzle the same size as in the previous | the production of heat. She has further 
experiment, he presses air by the action | provided a boundless store of oxygen in 
of his muscles against the face of the|the atmosphere, in a chemically uncom- 
thermopile. This time the pile indicates | bined state, and therefore available for 
arise of temperature. Now, why this dif-| combination with the coal to produce 


ference ? 


The old material theory of heat could 
not have accounted for it, but the dynam- 
ical theory of heat makes the reason ob- 


vious. In the case of the rigid vessel, 
the air itself, by its elasticity, performs 
work in forcing its way through the aper- 
ture at a high velocity. Work exerted 
means loss of heat, whereas in the case of 
the bellows the work is not done by the 
air, but by the arm of the operator, and 


it is from his muscle that the heat disap-| 
pears, only to be restored by the fuel, | 


which, in the form of food, it is necessary 
for him to consume. 


striking of the issuing air against the face 


of the pile. The same cause produces heat | 
in the case of the first experiment, but the | 
consumption of heat more than counterbal- | 


ances this. From this experiment, and the 
reasoning therefrom given us by the phy- 


sicist, we as engineers can carry the appli- | 


cation still further into our practice: we 
can see now why we are not scalded 
when we put our hand in a jet of high- 
pressure steam issuing from a small 
orifice : also why the hot blast which es- 
¢apes at the pricking hole of a blast fur- 
nace is so much reduced in temperature. 


The heat produced | 
in the case of the bellows is due to the| 


\this heat. She has also ordained that 
|the commonest substance on this earth, 
| viz., water, should be the most convenient 
| for using as a medium in converting heat 
‘into mechanical force, on account of the 
low temperature at which it is converted 
into elastic vapor. 

We shall not have time at present to 
do more than consider whether the study 
of molecular physics is likely to throw any 
light upon the important question of rais- 
ing steam. 

The heat produced by combustion is 
simply the chemical combination of the 
oxygen of the air with the carbon of the 
coal. The atoms of the two gases, accord- 
ing to modern theory, rush into chemical 
combination, and the clashing of these 
atoms together produces the phenomenon 
of heat. This heat is not, as was formerly 
supposed, a substance dwelling in the in- 
_terstices of matter, but is, as described by 

Helmholtz, a peculiar shivering motion of 
the ultimate particles of the heated sub- 
stance. This atomic motion is transmit- 
ted from the heated gas to the plates of 
| the boiler, the atoms of which take up the 
\shivering motion and transmit it to the 
water inside, 

At a conveniently low temperature this 
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motion of the atoms of water has increased 
to such an extent that they shake them- 
selves beyond their cohesive force and fly 
asunder, forming steam. 

Now it has been proved by chemical 
experiment that a pound of the purest 
coal gives out, when entirely burnt, suffi- 
cient heat to raise the temperature of 
15,664 Ibs. 1 deg. Fahr. The aim of the 
engineer should be to obtain as large a 
portion of this heating power as possible; | 
but, with the best results of the most eco- | 
nomical boilers, only about 59 per cent. of 
this power is obta‘ned. 

[ have taken this proportion from the | 
results of some very exhaustive experi-| 
ments which have heen lately made by | 
M. Lhoest in Belgium, upon the boil-| 
ers of a 110 horse-power compound | 
steam engine. These are fully reported | 
in the English edition of the Universal) 
Review of Mining, for March, 1874, and 
are well worthy of study. M. Lhoest 
shows, by a series of observations, that 
the total effective heat transmitted to 
the steam was only 59.59 per cent. of 
the theoretical heating power of the coal 
as calculated from its components parts. 
I may say that the above result was from 

enerators somewhat resembling that kind 
nown in England as the elephant boiler, 
the heating surface being very large, and 
the steam superheated. The leat of com- 
bustion was utilized to such an extent 








that the temperature of the escaping | 
gases on their entrance into the chimney | 
was only about 350 deg. Fahr. This re-| 


It must occur to any close observer 
that the 20.5 per cent. is a very unsatis- 
factory item, and that as engineers we 
ought to endeavor to reduce this amount 
toaminimum. Apart from the loss by 
radiation through brickwork, let us con- 
sider whether there may not be a loss in 
the transmission of heat from the gas 
through the medium of the plate to the 
water. We are all familiar with the Davy 
lamp, the principle of which is, that a 
flame is cut off by the intervention of wire 
gauze of a suitable mesh. If you take a 


|sheet of fine wire gauze and hold it over 


a gas jet, you will find the space above 
the point where the gauze cuts the flame 
to be quite dark, although the gas is 
streaming through the meshes; and if 
you blow out the gas jet, holding the 
gauze in the same position, you can abso- 
lutely light the flame above the gauze, 
while between the gauze and the nozzle 
of the gas pipe there is no flame to be 
seen. Professor Tyndall, in his valuable 
work “ Heat a Mode of Motion,” explains 
this phenomenon as follows: “The mo- 
lecular motion of the flame is very in- 
tense, but its weight is extremely small, 
and if communicated to a heavy body, 
the intensity of the motion must fall, as 
when a two-ounce rifle bullet strikes a 
100-pound shot, the motion of the heavy 
shot is small compared with that of the 
light bullet.” 

The intensity of the motion of the flame, 
being taken up by the molecules of the 
heavy gauze, is so much lowered that it 


sult was therefore exceptionally favora-|is insufficient to transmit the necessary 
ble, as we may see by referring to Mr. | heat to produce ignition on the other side 
Jeremiah Head’s paper on the efficiency | of the gauze. 
of steam engines and boilers, read in 1869} Now, is not this action somewhat anal- 
before the members of this Institution, | ogous to the transmission of heat through 
where he shows that we only utilize in|a boiler plate? Is there not a loss of 
this district, in ordinary good practice,| heat in passing through the plate? Is 
47 per cent. of what is chemically pos-|not a portion of this molecular motion, in 
sible, M. Lhoest, from chemical reason-| changing its velocity, changed into some 
ing founded on direct experiment, esti-| other force? I have already alluded to 
mates the remaining 40.4 per cent. of loss|certain molecular changes, which are 
to be made up as follows: | proved, by testing, to have taken place 
Per cent.|in the case of the two boilers in Cleve- 
land which ripped at the seams. Here 
is no doubt the evidence of a change of a 
5.07 | Portion of heat into another form of en- 
jergy. This view of the destruction of 
-12| heat by transmission through the plate of 
|a boiler is probably favored by the result 
of experiments made on Warsop’s sys- 
20.52 | tem of pumping heated air into a boiler, 


Combustible matter lost in the cinders 
(Charleroi coal used of poor quality).. 9.1 

. Gases escaping through chimney........ 

. Imperfect combustion .................. 

° —e of 14 per cent. of water in 
fue 

Radiation, or losses through the brick- 
work, losses arising from the cleaning 
of grates and other causes not esti- 
mated 
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to assist the generation of steam. It has 
been declared by competent authority 
that there is a positive gain in this pro- 
cess, notwithstanding the mechanical loss 


which the pumping of the air involves. | 
May not the explanation of this be, that | 


are in part converted into a form of en- 
ergy which, as already described, changes 
the molecular condition of the material, 
And do not let us imagine, because 
these molecular forces do not impress us 
with the same idea of power as the fall of 


the conveyance of the heat through the| the avalanche or the sweep of the hurri- 


thin tubes to the air is so much more | 
complete than that through the thick | 


plates of a boiler to the water, that the 
mechanical loss in pumping is more than 
compensated for ? 

It is further probable that some of the 


motion of heat under a boiler may pass | 
into other forms of force. The most pow- | 


erful means ever invented for the produc- 
tion of electric energy is Sir William Arm- 


strong’s hydro-electric machine, in which | 
the electricity is collected from a jet of| 
combustion. It has been proved by ex- 


steum issuing from a boiler. This elec- 
tricity has no doubt been generated by 
the action of the heat, and according to 
the theory of the conservation of energy, 
must have been the cause of an equiva- 
lent quantity of heat disappearing. This 
may account for another portion of the 
20.52 per cent. deficit of Monsieur Lhoest. 

When we consider that the tempera- 
ture of the furnace of a boiler is about 


2,400 deg. and the water inside the boiler | 
say about 300 deg., it is evident that in a) 


thick plate the molecular vibrations of the 


iron must be of much greater intensity on | 


the side next the fire than on the side 
next the water. In fact, the condition of 
the section of iron lying between the fire 
and the water must be of a very compli- 
cated character, and one which may 
be studied with good hopes of leading 
to practical results, At all events we 


must not say that this proved loss of 204 | 


per cent. cannot be saved, until we know 
all the physical conditions of the flame, 
the plate, the water, and the steam. 

We might continue these thoughts to 
the consideration of the changes occur- 


ring in the steam as it produces mechan- | 


ical energy in the cylinder. We might 
trace the loss of a portion of this mechan- 
ical energy, and identify its exact equiv- 
alent in the heat of friction, which is 
simply the motion of the mass converted 
into the motion of the atoms at the sur- 
face of the rubbing parts. We might 


further consider the effect of the power | 


of the engine, when allowed to give 
shocks and twists to different parts of the 
mechanism, and show that these shocks 


cane, that they are insignificant; far 
otherwise. In order fully to appreciate 
this let us examine the mechanical value 


|of the changes that occur in the atoms of 
1 lb. of water passing through its various 


forms of gas, vapor, liquid and solid. 
Water is composed of eight parts by 
weight of oxygen, and one part of hy- 
drogen, and is the result of their combus- 
tion. In the first stage we have the free 
atoms of oxygen and hydrogen, which 
attract each other and clash together in 


periment, that the heat generated in 
burning one-ninth of a pound of hydro- 


'gen, with its equivalent of eight ninths 


of a pound of oxygen, producing 1 pound 
of aqueous vapor, is sufficient to raise 5,- 
833 lbs.,or about 24 tons of water, 1 deg. 
Fahr. We have seen, by Joule’s experi- 
ments, that each pound of water raised 1 
deg. in temperature is equivalent in me- 
chanical force to 772 lbs. raised 1 ft. high. 
The combination of the oxygen and hy- 
drogen to produce 1 lb. of aqueous va- 

or will therefore produce such a heat as 
is equivalent to raising 5,833 Ibs. & 772 
= 44 million lbs., or 2,010 tons, 1 ft. high. 
Professor Tyndall remarks on this amaz- 
ing fact, “that it was no overstate- 
ment which affirmed that the force of 
gravity as exerted near the earth is al- 


/most a vanishing quantity, in comparison 


with these molecular forces. The dis- 
tances which separate the atoms before 


'combination are so small as to be utterly 


immeasurable; still it is in passing over 
these distances that the atoms acquire a 
velocity sufficient to cause them to clash 
with the tremendous energy indicated 
above.” But amazing as this force is, we 
have not yet finished with our history of 
a pound of water. The atoms of the 
aqueous vapor now fall together to pro- 
duce liquid water. The mechanical value 
of this act is equivalent to the raising of 


| 333 tons 1 ft. high. 


The next change is from the liquid state 
to the solid form of ice, the mechan- 
ical value of which act is equal to 49 tons 
raised 1 ft. 
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The total mechanical value of these 
three acts of one single pound of water, 
in the change from gas to vapor, from 
vapor to liquid, and from liquid to ice, is 
therefore equivalent to a weight of 1 ton 
crashing down a height of 2,392 ft. 

We are tempted to retire into scepti- 
cism of these wondertul facts, accustom- 
ed as we are to judge of the magnitude 
of force by the effect it produces upon 
our senses, but the deeper we look below 
the surface of nature, the more shall we 
find that her most wonderful powers are 
hidden from our coarser perceptions, and 
only reveal themselves by the light of 
reason to the earnest seeker after physi- 
cal truth, 

Time has not permitted me to give 
more than a very few illustrations of the 
connection between physical science and 
engineering practice, but in all these il- 
lustrations, we see that changes in force 
are from motion of mass to motion of 
atoms, and from motion of atoms back to 
motion of mass. The motion of mass 
which we see in this world is insignifi- 


cant compared with the inner motion of 


atoms which we cannot see. Atomic 
motion is the great store of force from 


which we as engineers must derive most 
of our power, and if our art is the con- 
verting of this enormous store of energy 
to the use of man, does it not seem to 
be our duty, and should it not be our 
highest pleasure, to study closely the 
co-relation of these various forms of 
energy ? 

If we, as engineers, would only study 
and endeavor to apply the recent discov- 
eries in physics to our several specialties 
of practice, there would be little fear of 
the contracting effects of specializing the 
various branches of our profession to 
which I alluded in the early part of this 
address. 

It is to the science of molecular phy- 
sics that engineering must look for its 
future development. Amazing as the 
achievements of the fathers of engineer- 
ing have been, we cannot study the ex- 
quisite laws which govern the different 
forms of energy without feeling that 
there are equal triumphs in store for the 
future, and that the true line of engineer- 
ing progress must lie through those fields 
of investigation which surround the tem- 
ple consecrated to the study of the phy- 
sical sciences, 








THE BESSEMER SALOON 


‘““GYROSCOPIC” APPARATUS. 


From “The Nautical Magazine.” 


Srxcz the philosophical toy the gyro- 


from the hydraulic cylinders, being ef- 


scope was first brought under the notice | fected by a man within the cabin; this 
of the public, proposals or suggestions man being guided in his movements by 
have frequently been made that the seem- a spirit-level placed in front of him. The 
ing persistency with which it endeavored experience with this experimental appa- 
to maintain its disc in the same plane of ratus showed, it is said, that it was pos- 
rotation might be applied effectively to sible for a man, by exercising constant 
lessen the oscillations of cabins, gun plat-| attention, to control the movements of 
forms, and observation stages at sea. | the swinging cabin in the manner desired ; 

The most important of these attempts, but in the practical application of the 
is in the magnificent Bessemer saloon suspended cabin to a sea going vessel, it 
steamer, now nearly ready for sea, The has been deemed to be strongly desirable 
original intention was to maneuvre the to dispense with the necessity for con- 
suspended saloon, by working or regu-| stant vigilance on the part of an attend- 
lating controlling valves by the hand of ant; and hence Mr. Bessemer has been 
a watchful attendant. An experimental led to design the “ gyroscopic” apparatus 
cabin on this system, we are told, was| which forms the subject of this notice. 
erected on Mr. Bessemer’s grounds, at In our descripticn of this apparatus we 
Denmark Hill. In this experiment, said | are availing ourselves of a full account of 
to have been very successful in its re-|it which appeared in Engineering for Oc- 
sults, the motion of the cabin was con-|tober9, It is there stated that “a heavy 
trolled by hydraulic gear, the opening or | disc or wheel made to revolve rapidly in 
closing of the valves, governing the ad-| any given plane tends always to remain 
mission of the water to or its release revolving in that plane, and it can only 
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have the direction of its action of rota-|of Trade. We donot know whether the 
tion changed by the application of con-| owners of the Bessemer ship have sub- 
siderable force, the amount of this force | mitted their plans to the Board of Trade, 
depending upon the weight of the revolv-| including therein their proposals and 
ing body and its speed of rotation.” plans for this controlling apparatus. We 
‘Here we have the word “action,” evi-| presume, however, that the whole sub- 
dently a misprint for “axis.” As it| ject is under consideration by the Marine 
reads, the statement is perfectly true, for | Department, and that, as is usual in such 
it would, indeed, require a very con-| cases, a practical trial at sea will be re- 
siderable force to reverse the “action of| quired, before they give a certificate that 
rotation,” of a 2-foot wheel running at a| the ship and all in her are fit and safe for 
speed of six miles per minute; but such|the conveyance of passengers. But we 
a statement is, in this instance, quite ir-| have no hesitation at all in predicting 
relevant. In Mr. Bessemer’s specification | that if the plans published in Zngineer- 
of his patent, he says, “I avail myself| ing, on the 9th of October last, are au- 
of that property of matter which tends to|thentic and correct, the general public 
maintain the axis of all rapidly revolving | have reason to be thankful that there is a 
bodies continuously in the same plane, as| Board of Trade, for we feel sure that a 
exemplified by the rotation of a rifled | passenger certificate cannot be granted 
shot, and still more clearly in the toy in-| to the Bessemer ship. The apparatus is, 
strument known as the ‘ gyroscope.’ ” however, so nearly complete, that there 
Here again we must correct the lan-| will, we imagine, be little if any advan- 
guage; the word “plane” must, we|tage gained by interfering officially he- 
think, be a clerical error for the word| fore the inspection services of the sur- 
“line.” If we are wrong, we shall be| veyors are applied for to test the appa- 
glad, in a future article, to reconsider it| ratus at sea. 
as it stands. In what follows we have,| The first thing we have to call atten- 
however, in considering these two quota- | tion to in connection with the design pub- 
tions, proceeded as if they were intended | lished in Hngineering is the expressed in- 
to stand as we have corrected them. | tention of running a 2-feet wheel at 5,000 
Availing himself of this remarkable} revolutions per minute. Bourne says 
“property of matter,” Mr. Bessemer has | that, to provide against the effect of cen- 
constructed a monster “gyroscope” (?) | trifugal force, railway wheels of malle- 
2 feet in diameter, with a rim 4 inches|able iron “can scarcely be considered 
square, and the intention is to run it by | safe at a speed even considerably under 
water turbine power at 5,000 revolutions | 150 miles an hour.” Thespeed proposed 
per minute, if necessary. The expecta-| for the Bessemer wheel is 360 miles an 
tion of the inventor is that the steadying | hour, and there is no provision shown to 
effect of this rotative energy will be suf-| prevent even that velocity being greatly 
ficient to prevent the instrument from! exceeded. This wheel is, we understand, 
participating to any serious extent in the to run in the saloon; there should be 
oscillation of the saloon; the frame of the | some way of testing it, as boilers are 
fly-wheel being suspended upon trunnions | proved to double their working strain 
in a line with the axis on which the| before the Board of Trade can pass it as 
saloon is suspended. The machine is | safe for passengers. As no doubt the 
connected, by suitable rods, with the| wheel is of the very best material, and as 
valve of the hydraulic controlling cylin-| some satisfactory test may be devised 
ders; the valve is an equilibrium valve, | and accepted, it is probable that this dif- 
so that there will be, as far as possible, | ficulty can be got over; but, even if the 
no resistance applied to cause the steady- |“ gyroscopic” wheel can be run with 
ing “gyroscopic” wheel to deviate from | perfect safety at any required speed, what 
the horizontal. |then? Nothing! There would be no 
New designs for passenger steamers, | more steadying effect produced than if 
involving untried theories, so far as these | the material composing the machine were 
may affect safety, are placed, by the ex-| carried as pig-irdn at the same height in 
press action of the Legislature, and, as|the ship. The “ property of matter” of 
we think, very properly so placed, under | which the inventor thinks he has availed 
the immediate stipervision of the Board | himself, does not exist; for, as a fact, the 
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the meeting of the Institution of Me- 
chanical Engineers, in the following year, 
That was, so far as we are aware, the first. 
example of direct calculation of gyro- 
scopic effect as an engineering quan- 
tity. Following out the line of reason- 
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plane of rotation of a heavy revolvin 


g 
disc can have angular motion imparted 
to it just as easily as can the plane of 
a stationary disc. That increased per- 
sistency of plane is induced by velocity 
of rotation is only an assertion, and al- 
though it is an assertion made by most of|ing as Mr. McF’. Gray has stated it to us 
our standard authors as an assertion of a| with reference to the Bessemer saloon, 
fact, and although the assertion has, we|the seeming persistency of direction of 
believe, never before been disputed, it has| plane manifested by the gyroscope, and 
really no foundation; and it certainly| supposed to operate in the flight of a 
will not be proved by the beautiful con-/ rifled shot, is due to a condition that is 
trivance on board the Bessemer ship. ial to that machine, and which ob- 





| essenti 
We sympathize sincerely with the pro- | tains also in the case of the rifle shot, but 
jectors of the Bessemer saloon steamer,|is by construction excluded from Bes- 
and we sympathize the more because we | semer’s apparatus. 
trace their mistake to standard scientific) A gyroscope may be defined to be a 
literature treating on this subject. Mr. 
J. McFarlane Gray, about the year 1855, 
attended a conversazione at the Philoso- 
hical Institutionin Newcastle. He has 
informed us that he there saw, for the 
first time, the phenomena of the gyro- 
scope, the large gyroscope belonging to 
Sir William Armstrong being on exhibi- 
tion that night. He was so taken by it, 
that he stood beside it the whole of the 
evening, and the impression of that exhi- 
bition has never been effaced from his 
mind. He was not satisfied with the ex- 
planation given to him by the attendant, 
and, fortunately, he did not give up the 
investigation until he had completely 
solved all the paradoxes presented by the 
gyroscope. Through him, principally, 
other officers of the Board of Trade have | 
become familiar with the engineering | 
principles involved in the gyroscope. It | 
is not the first time the subject has been | 
officially before the officers of the Depart- | 





























ment. Our readers will probably not 
have forgotten that some years ago, Mr. 
Arthur Rigg, at the Institution of Naval | 
Architects, asserted that the fly-wheels 
in Mr. Holt’s engines would be a source | 
of danger to the shafting, by reason of | 


machine exhibiting a rapidly-rotating 
fly wheel, the axis of which has angular 
motion in a surface that is approximately 
the surface of a cone. To produce gyro- 
scopic resistance to change of direction 





gyroscopic action interfering with the|of plane, in a given plane, the disc must 
freedom of pitching. As there were|be permitted, at the same time, to tilt 
then under construction similar engines | itself in a direction transversely to the di- 
with fly-wheels larger than any before in | rection in which that effort to change the 
use, it became the duty of the surveyors| plane is applied. That is, let there be 
to calculate the strain that would be due| three planes, A, B, C, intersecting each 
to the greatest probable velocities of re-| other at right angles, and a rotating fly- 
volution and of pitching, and they then| wheel with its plane of rotation in A 
found the moment of sttain to be equal to| and its axis at the intersection of B C, 
the weight of the wheel, acting with a|and, only to fix the idea, suppose the 
leverage of only one foot. This result} plane A to be horizontal, the plane B to 
was stated by Mr. McFarlane Gray at | be vertical, edge on to the observer, and 
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C to be the plane of the diagram, as in 
the figure. ; 

If, while the fly-wheel rotates in the 
direction A, a force be applied to tilt the 
plane of the wheel in the direction B, a 
couple of equal and opposite pressures 
will be produced, acting in the plane C, 
tending to tilt the wheel at the same time 
in the direction C. Ifthe plane of the 
wheel be permitted to move in the di- 
rection of that couple—viz., C—that mo- 
tion will similarly create a couple of 
equal and opposite pressures acting in 
the plane B in the opposite direction to 
B. Itis the misconception of this reac- 
tion that has given rise to the fallacy 
about increase of inertia of plane, pro- 
duced by velocity of rotation. In this 
fallacy it is always overlooked that the 
resistance is associated with a motion 
transverse to that resistance. When the 
transverse motion is prevented, as in the 
Bessemer design, the side pressures due 
to velocity, acting as a couple in the plane 
C, being equal and opposite, just cancel 
each other, and when the wheel is tilted 
in the direction B, there will be no work 
done by the couple acting in the plane 
C, and consequently there will be no in- 
crease of resistance to motion in the di- 
rection B, by the velocity of rotation, and 
the apparatus, when so restrained, is not 
a gyroscope, and the material of which 
it is composed will act when the vessel 
rolls only, just as if it were so much dead 
weight carried as ballast. Further, when 
the vessel pitches the action of the appa- 


ratus will be seen to its full effect, for it 
will then operate to violently apply in 
the way to produce rolling all the power 
that has been provided to resist rolling, 
and thereby, without at all reducing the 
pitching of the saloon, add a most violent 
and destructive transverse motion, prob- 
ably striking the stops at each side each 
time the vessel pitches. 

Such a machine will prove to be, if it 
is ever tried at sea,a powerful oscillation 
producer, of no use when the vessel rodis 
only, and rocking the saloon to destruc- 
tion when the vessel pitches. 

We understand that Mr. McF. Gray 
has protected himself by patent in re- 
spect to the possible application of gyro- 
scopic apparatus to Bessemer saloons, &c. 
His practical knowledge of rotatory dy- 
namics, and his well-known inventive tal- 
ent, may probably enable him to complete 
what Mr. Bessemer has so pluckily begun. 
The exact formulas, expressing the pres- 
sures, moments, and motions of the gyro- 
scope under all conditions, are of a very 
simple character, and will probably now 
be brought before some learned society. 

In amelioration of our remarks, it is 
proper to state that the Bessemer plans 
are quite in accordance with accepted en- 
gineering principles, and if Mr. McF. 
Gray is right—as we are satisfied he is— 
the circumstance of the Bessemer saloon 
will make his exposition of this fallacy 
the more striking, and cause it to be so 
notorious that a similar mistake can never 
occur again, 
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As DETERMINED BY EXPERIMENTS ON A LARGE SCALE, 


BY PROFESSOR R. H. THURSTON. 
From “ The Transactions of the American Society of Civil Engineers.” 


(Concluded. ) 


80. TE minute inaccuracy of the re- 
sults thus obtained, which is due to) 
changes of the specific heat of water, and | 
of metal, under varying temperatures, is 
of no practical importance, As the ves-| 
sel containing the water heated was of 


method is of great value as a last resort, 
in absence of other good heat-measuring 
appliances. 

31. The second furnace which was ex- 
perimented upon by the writer was of the 
form known as the “Crockett.” This 


wood in each case, the usual correction | form of furnace is shown in Fig. 2, and 
for heating the vessel when metallic be-| that here described was of the same gen- 
comes of no importance also, and the/eral form as that illustrated, differing 
weight of the thermometer being insigni-| principally in its arrangement of bridge 


ficant in comparison with that of the wa- | 
ter, that correction is unnecessary. This! 


walls. 
In this example two furnaces were con- 
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structed side by side, each having a grate 
surface of 4 X 6 feet, the total grate area 
of both being 48 square feet. 

The grates were of cast iron, of ordinary 
form, set so closely that none of the wet 
fuel could fall through into the ash-pit. 
It was stated that it was not intended 
that the charred fuel should fall through 
and burn in the ash pit. 

During this trial, however, more or less 
burning tan was continually falling into 
the ash-pit and burning there. This, un- 
doubtedly, assisted in some degree in the 
desiccation of the wet fuel, by direct ra- 
diation of heat, and by heating the enter- 
ing air as it passed over this bed of hot 
coals. To this extent the furnace resem- 
bled in its action the Thompson furnace, 
-already described. 

Above the grates a brick arch was 
turned, as shown, against which the pro- 
ducts of combustion impinged and the 
heat radiated from the burning fuel on 
the grate, keeping this arch at a high 
perature, it assisted the process of desic- 
cation of wet fuel, when first thrown in, 
by strongly radiating upon it the heat 
thus stored up while the fires were most 
intense. From the furnace the gases 
= directly into the flues beneath the 

oiler, 

32. The tan, wet from the leach, was 
charged into the furnaces through the 
doors in the front, as in all usual forms 
of iurnace, and the process of “ firing ” 
differed but little from that usual with 
thin fires, where coal is used. The fuel 
was thrown in at intervals of between 5 
and 8 minutes, the furnace-man taking 
‘care, first, to fill all holes in the burning 
mass, and, next, covering the whole with 
a very evenly distributed and very thin 
layer of fresh fuel. This fresh chorge 
was quickly dried by the heat of the 
‘burning fuel, over which it was spread, 
and by the heat radiated from the hot 
furnace arch above it, and, taking fire, 
burned freely. No special effort seemed 
to be made to obtain “alternation” in 
‘working the furnace, but the irregularity 
with which the fuel burned at different 
parts of the grate did, perhaps, secure 
something of this effect. 

33. The fuel was measured in the leach, 
as in the previous case, and about a half 
leach, measuring 44 cords, was burned 
during the trial, between 8 o’clock a.m. 





and 6 o’clock p.m. The actual working 


time was 9 hours, the work being stopped 
from 12 m. to 1 p.m. 

34. The tan bark burned was hemlock, 
mixed with some oak. It looked like a 
better material than that used in the 
other trial. It was more cleanly ground, 
seemed less “soggy,” and had a much 
better color. 

35. The boilers used here were two in 
number. One was an old-fashioned “ Cor- 
nish” boiler, 4 feet in diameter, and 18 
feet long, with one 24-inch flue. The 
second was 6 feet in diameter, with four 
18-inch flues; the total length was 15 
feet. The gases from the furnace were 
led under the boilers, and then, with a 
double return through the boiler flues, to 
the chimney. The total heating surface, 
reckoned as before, was very closely 700 
square feet. 

36. The flues were stated to have been 
so long in use without cleaning, that the 
draught was somewhat impeded by the 
accumulation of ashes beneath the boilers, 
and that the rapidity of combustion was 
somewhat lessened. The two trials are, 
therefore, both to be taken as represent- 
ing less than the maximum capacity of 
the furnaces. 

37. The trial was made by asomewhat 
similar method to that adopted in the one 
= described. The quality of steam 
was determined similarly. The water 
was measured differently. In this case 
the capacity of the feed-pump exceeded 
several times the requirements of the 
boiler, and the only absolutely reliable 
means of determining the quantity of fuel 
seemed to be to measure every pound 
going to the pump, thus evading the un- 
certainty attending any attempt to secure 
regularity in the action of the latter. 

38. A barrel was fitted to the suction- 
pipe of the pump, and an employee of the 
Mechanical Laboratory of the Stevens 
Institute of Technology was stationed 
with a hose to fill it with water, when it 
became empty, and to keep an account of 
the number of barrels used, while an em- 
ployee of the proprietors of the tannery, 
stationed at the pump, checked the ac- 
count. All of the water fed into the 
boilers during the trial was thus measured, 
and at the close of the trial the barrel 
was taken out, filled on the scales, and 
the weight of its contents determined. 

39. There was no opening into the 
chimney flue through which the escaping 
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gases could be reached, and their tem- 
perature was not determined. 

40. The amount of smoke issuing from 
the chimney of this furnace was consider- 
ably greater than was observed at the 
preceding trial, indicating that the Thomp- 
son Furnace secured a somewhat more | 
perfect combustion than the Crockett. 

41. The results of this trial gave the 
following data: 

Total number of cords of tan burned 4.5 

“ weight of water fed to boilers 28 509 pounds. 

Temperature of feed-water entering 
boilers (estimated) 

Temperature of water observed in 
determining “‘ priming”: 


160° Fahr. 


Range. 
50) 
489 
50 
48° 


Final. 
118° 
118° 
126° 


1st observation 
2d “ 

3d 
4th 


Length of trial 


9 hours. 


42. Estimating the priming as before, 
we obtain from the several observations, 
which were made with the steam pres- 
sure, per gauge, 55, 50, 45, and 60 pounds, | 
respectively, 2==9.02, x—8.07, x—9.12, 
and 28.55, and the per centage of| 
priming, 9.8, 19.3, 8.8, 14.5 per cent. The | 
mean of all observations gives the aver-| 
age percentage of priming at 13.1 per| 
cent., and indicates that the steam issu-| 
ing from the boiler carried in suspension | 
15 per cent. of its own weight of unevap- 
orated water. 

43. We determine the 
the fuel thus: 

Steam produced.28 509x0.869—=24 774.32 pounds. 
Water primed. . .28 509x0.131—= 3 734.68 * 

The mean pressure of steam during the | 
trial was 50.44 pounds per square inch,and | 
its temperature 298° Fahr. Its total heat 
at 298° from 0° was 1 204.8 units per 
pound, Then we have 
Total heat, per pound of 

steam. ............- 1 204.8—160—1 044.8 
Total heat per pound of 


total heat from | 
| 


- 298—160—=138, and 
Total heat transferred 
from fuel to steam. 25 884 209.54 units. 
Total heat transferred 
from fuel to water... 515 385.84 
Total heat transferred 
from fuel to feed... .. 
Total heat per cord of 
wet tan.... 
Equivalent evaporation 
per cord, water at 


“« and hence 


26 399 595.38 units. 


6 866 576.75 


$ 7 103.84 pounds. 
Equivalent weight of 
coal per cord of tan.. 


“ 


710.38 


44, A sample of the fuel used in this 
trial was sealed up, as before, and was. 
similarly weighed at the Stevens Insti- 
tute of Technology, dried in the air one 
week, and its loss of moisture deter- 


| mined, 


This sample contained 55 per cent. of 
water, and 45 per cent. ligneous material. 
The weight of the tan in the leach was 
judged to be practically the same as in 
the preceding trial, and the equivalent 
710384 
2233.56 °° 
plus the water held by the fuel, say 1.22, 
or 4.41 pounds. 

45, Comparing the quantities of heat 
actually utilized by transfer from the fuel 
to the boiler, we obtain as the measure of 
the actual comparative efficiencies of the 
two furnaces 4,24 — 3.19=1.33, the 
Thompson excelling the Crockett 33 per 
cent. A number of circumstances com- 
bine to make the actual difference some- 
what greater than the record here indi- 
cates, but this result may probably be 
taken to represent practically the relative 
economical standing of the two furnaces, 

46. Experiments on dry pine wood, 
made by Prof. Johnson during his ex- 
tended and invaluable examination of 
American coals,* for the U. 8S. Navy, fur- 
nish a standard of comparison which will 
be useful here. One cord of well-seasoned 
yellow pine wood weighed 2,689.2 pounds 
—10 per cent. more than a cord of thor- 
oughly air-dried spent tan bark—and one 
cubic foot weighed 21 pounds. Experi- 
ments on evaporative power showed, as a 
mean result, an effect equivalent to the 
evaporation of 4.69 pounds of water from 
212°, under atmospheric pressure, per 
/pound of wood consumed, the tempera- 
ture of chimney flue being 315 2°, and the 
wood burning at the rate of 15.87 pounds 
per square foot of grate per hour, under 
|a boiler having a ratio of heating to grate 
surface of 26.83 to 1. 

47. Comparing this result, as a stand- 
ard, with the evaporation obtained in the 
| two wet fuel furnaces, per pound of fuel,ex- 
'clusive of water, we get for the Thompson 


en 1.21, and for the Crock- 


evaporation per pound is 


furnace 
4.41 
4.69 


| ett, = 0.94. The Thompson fur- 





| 
| 


* Report to the Navy Department on American Coals, 
By Walter R. Johnson. Washington, 1844, pp. 546-550. 
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mace is thus seen to have given a better 
‘result per pound of ligneous combustible 
when burning wet tan than was obtained 
in the ordinary steam-boiler furnace, 
burning seasoned yellow pine, this supe- 
riority reaching 21 per cent. The Crock- 
-ett furnace had 94 per cent. of the effi- 
ciency of the common wood-burning 
steam-boiler furnace. 

48. The relative efficiency of fuel, com- 
‘paring wet tan with dry wood, by weight, 
the former containing between 55 and 60 
per cent. of water, becomes 


oa X 100 = 90.40 per cent., 


each fuel being consumed under the most 
favorable conditions shown above, and 
equal weight of ligneous fuel being taken 
for comparison. 

A cord of dry yellow pine, as per ex- 
periments of Prof. Johnson, evaporated 
12,618.3 pounds of water. A cord of wet 
spent tan, burned in the Thompson fur- 

9459.2 _ ons 
12 618.3 : 


cord of dry wood. One cord of wet 
spent tan, burned in the Crockett furnace, 


7103.84 _ 
isdins = 0.56 cord of 


nace was equivalent to 


was equivalent to 


dry yellow pine. 
49. A cord of dry yellow pine is ap- 





proximately equal in heating power to 
0.6 of a ton of coal, and, conversely, the | 
ton of good coal is equal in calorific power | 
to 1.66 cord of soft wood. An average | 
pound of dry wood is theoretically capa- | 
ble of evaporating 6.66 pounds of water | 
from and at 212.° A pound of good an-| 
thracite, similarly, should evaporate 13.5 | 
pounds of water. 

The “absolute efficiencies ” of coal and 
wood, under the conditions already de- 
scribed ,in the several cases mentioned, 
are as follows: coal, 70 per cent.; wood, 
in the Crockett furnace, 66 per cent., 
in the ordinary steam-boiler furnace, 70 
per cent., and in the Thompson furnace, 
85 per cent.—reckoning the evaporation 
of the moisture in the fuel. Excluding 
this moisture, the percentages become 
respectively 70, 48, 70, and 64. 

50. The data obtained at these trials 
are sufficiently complete to furnish a basis 
upon which to construct the theory of 
action of each furnace, and to give ap- 
proximate determinations of quantities 
which are of importance in that connec- 





tion, and of interest in their bearing upon 
practical deductions. The most import- 
ant points are the temperatures of fur- 
nace and of chimney flue, the quantity of 
air supplied, and the effect of variations 
of area of heating surface of boilers. 

51. An approximate determination of 
the temperature of furnace can be made, 
in this case, in the following manner: 

The fuel used at this furnace, as taken 
from the leach, contained more than one- 
half its weight of water. In handling, it 
lost some of this moisture. When thrown 
upon the top of the furnace, and before it 
was thrown upon the fire, it, by its non- 
conducting property, prevented to some 
extent loss of heat, and such heat as was 
absorbed by it was usefully employed in 
evaporating its moisture. The quantity 
of water thus lost before entering the fur- 
nace may be estimated approximately at 
about 1 per cent. in handling and 3 per 
cent. at the furnace. Box, in his “ Trea- 
tise on Heat,” gives the total loss of 
temperature by conduction and radia- 
tion, in a fire-brick furnace, as 10 per 
cent. Here, several long ovens were 
placed side by side, and the principal loss 
was that fromthe top. Very little could 
take place laterally, and no heat could 
pass downward. 

The total loss here may be taken as 
24 per cent., which would so change the 
composition of the wet fuel as to leave it 
with 3 per cent. less water, making it 
about 45 per cent. combustible and 55 per 
cent. water. 

Taking the available heat per pound of 
the dry portion at 6480 thermal units, 
each pound of wet fuel yields 2 916 units 
of heat. Of this, 531.6 are absorbed in 
the evaporation of the 55 per cent. of 
water, leaving 2 384.4 units to raise the 
temperature of the products of combus- 
tion. Of these there are, as a minimum, 
3.7 pounds having a mean specific heat 
of about 0.287. 

The elevation of temperature is there- 
fore 0 245.3°, and adding the mean tem- 
perature of the atmosphere, 74°, the 
mean temperature of furnace, assuming 
no dilution with unused air and no losses, 
would have been about 2320°. Losing 
about 24 per cent., the temperature be- 
comes 2 260°. 

The temperature of chimney flue was 
found by experiment to have been 544°. 
The furnace gases were therefore cooled 
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2 260°—544°==1 716° by the loss of the 
heat given up to the boiler. This is 
equivalent to 1716<0.287—492.5 heat 
units per pound of gas, and to 4049.4 
units per pound of ligneous material in 
the fuel. ; 

The “equivalent evaporation” from 
and at 212°, is 4049.4—966.6—4.15 
pounds of water. The actual evaporation 
was equivalent to 4.24 pounds, and the 
difference—less than one per cent.—repre- 
sents losses and errors of approximation. 

52. The actual existing temperature of 
furnace can be thus estimated: the avail- 
able heat per pound of fuel, excluding 
water, has been given at 2916 thermal 


Of this oS 0.182 was 


916 
useful in raising the temperature of either 
the furnace or the chimney. Hence, of all 
heat liberated, 1.00—0,182—0.818* was 
efficient in elevating the temperature of 
furnace, and 0.37—0.182—0.188 was effec- 
tive in producing the observed tempera- 
ture, 544°, of chimney. Then, since the 
same quantity of gas passes at both places, 
the temperature of furnace was 

0.818 

ag 410) +749 =2 118.5°. 

(Giset79) +" 

To this is to be added the slight loss of 
temperature, en route between furnace 
and chimney, by conduction and radia- 
tion. 

53. The air supply of the Thompson 
furnace is unusually restricted, and has 
already been noted. 

Instead of an ash-pit with a front en- 
tirely open, we find here closed ash-pit 
doors, and no other opening for the pas- 
sage of air than the comparatively small 
orifices in the registers with which the 
doors are fitted. The usual amount of 
air supplied in furnaces burning coal is 
generally given as about twice the theo- 
retically required quantity, giving a tem- 
perature of about 2400°. In exceptional 
cases the air supply falls as low as one 
and a half times the theoretically re- 
quired amount, the temperature reaching 
about 3000°. In such cases it sometimes 
happens that the grates are melted down, 
¢ast-iron melting at between 2 700° and 
2 800°. 

In the Thompson furnace, with an ash- 


” 


units. not 





* Assuming 6 480 units as the heating power of the tan 
‘when dried, the efficiency of this furnace becomes 0.63, and 
0.37 of the total heat of the fuel passes off by the chimney: 





pit fire, this is very likely to take place 
with iron grates, and the inventor was 
therefore driven to the use of fire-brick 
grates. The mean temperature of the 
products of combustion is, however, 
lower, notwithstanding the restricted air 
supply, in consequence of the presence 
of moisture. 

The quantity of air supplied is calcu- 
lated as follows: the difference between 
the theoretical and the actual tempera- 
ture of furnace, as above estimated, is 
2 260°—2 118°—142°, corresponding to 
1420.287—=40.75 thermal units per 
pound of gas, or 40.753.7—=150.8 units 
per pound wet fuel,and 150.8—0,45—335,1 
units per pound of weod, which heat was 
distributed through the air diluting the 
products of combustion. 

This latter amount is sufficient to heat 
(335.1+-0.238)—2 044—0.69 pounds of 
air from the temperature of the external 
air, 74°, to 2118°, The theoretically re- 
quired quantity of air, per pound of wood, 
is 6 pounds; hence, the products of com- 
bustion at the Thompson furnace were 
diluted with 12 per cent. of air: this is 
one-fourth that of ordinary practice with 
coal fires. 

54. The temperature of chimney flue 
not being known, the estimates of tem- 
perature of furnace and of air supply can- 
not be so satisfactorily determined for 
the Crockett furnace. The following may, 
in the opinion of the writer, be taken as a 
fair approximation. 

The composition of the fuel, in this 
case, was slightly changed in handling, 
between the leach and the furnace, as be- 
fore. Lying in front of the furnace also, 
a small amount of drying must have oc- 
curred by radiated heat. Taking the 
total amount of both influences as pro- 
ducing an alteration of 2 per cent. in the 
composition of the fuel, it becomes 52 per 
cent. water and 48 per cent. dry wood. 

55. The theoretical temperature of fur- 
nace gases, estimated as before, is re- 
duced largely in this case, by the air of 
dilution. The fuel was burned at the 
rate of about 20 pounds per square foot of 
grate per hour, and the weight of carbon, 
the only valuable heat-producing element, 
was 5 pounds per square foot of grate per 
hour. The bulky character of the fuel 
compelled the opening of the doors, in 
charging the furnace, about once in seven 
or eight minutes. The fire burned some- 
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what irregularly into holes, allowing an 
unusual amount of air to pass up unutilized. 

In ordinary practice, with anthracite 
coal fires, the fuel burns, with such 
draught as was found at the Crockett 
furnace, at the rate of about 10 pounds 
carbon per square foot of grate per hour. 
The doors are opened about once in fifteen | 
or twenty minutes, and the air supply is 
about 240 pounds per square foot of grate 
surface per hour. 

56. The air supply at the Crockett fur- | 
nace was apparently in excess of that| 





This was distributed throughout 12.52 
pounds of gas where the usual supply of 
air was maintained, and through 9.64 
pounds in the case of less free supply, 
supposed possible at times. 

The heat per pound of gas amounts to 
91.4 units for the first case, elevating the 
temperature 91.4 — 0.25 = 365.6° above 
that of the atmosphere, or to 452°. 

Under the other supposed conditions, 
the elevation of temperature of chimney 
becomes 467.7°. 

To secure an economy at this furnace 


just given, by a large amount. Neglect-| equal to that obtained at the Thompson 
ing this excess, and calculating the tem-| furnace, it would be necessary to reduce 
perature of the furnace as if the air sup-|the quantity of heat carried off by the 
ply were the same as with coal, the fol-| chimney gases in the proportion of 53 


lowing results are obtained : 
Available heat per pound wet tan.. 3 110.4 units. | 
Rendered latent by evaporating 52 

per cent. water iyi 
Effective in elevating temperature... 2606.8 “ | 

This was distributed through 12.5) 
pounds of gaseous products of combus: | 
tion, of a mean specific heat, 0.25. The| 
elevation of temperature was therefore 
832.8°, and, adding the mean temperature 
of external air, we obtain for the average 
temperature of gases escaping from the 
furnace, including cold air streaming 
through the furnace doors and the holes 
in the fire, 919.3°, or about 100° above 
the temperature at which combustible 
gases can take fire. 

Taking the air supply as possibly at 
times as low as that considered the mini- 
mum with ordinary coal fires, 180 pounds 
= square foot of grate per hour, where 

urning fuel with sluggish draught, the 
temperature of furnace at such times be- 
comes 1 150.3°, 

57. The temperature of chimney flue 
may be readily estimated for these con- 
ditions. Referring the performance of 


to 37. 

One-third of this heat is latent in the 
vapor of water, and no part of that can 
be secured. The requisite reduction of 
temperature of gases to effect this 
economy is thus exaggerated; and it 
would be necessary, were such a thing 
possible, to bring down the temperature 
of chimney to between 140° and 160°, to 
a temperature 160° or 140° below that of 
the boilers itself, or to less than one-fourth 
that required for most efficient draught. 

58. In determining the precise value of 
two competing sets of apparatus, as gen- 
erators of heat, it is necessary first to 
obtain from each its best performance in 
producing heat, and then to provide 
means of absorbing and utilizing that 
heat with equal thoroughness in both 
cases, 

The proper area of heating surface of 
boilers will therefore vary with each case. 
The same area, where the furnaces them- 
selves differ considerably, may in the one 
case allow a waste of heat, while in the 
other it may reduce the temperature of 
gases so far as to compel the adoption of 


this furnace, like the preceding, to “dry|a “mechanical draught.” In the cases 

wood” as a standard, its efficiency is 47 | here considered, the area of heating sur- 

per cent. Hence 53 per cent. of the heat face was fortunately very nicely adapted, 

obtainable from the fuel passes off by the | in each instance, to the requirements of 

chimney. The loss of heat by the escape | the case. In both examples, the temper- 

of unburned carbon, in the form of smoke, | ature of chimney flue is found to be some- 
| 





although more than at the other furnace, | what below that required for most efli- 
was not probably sufficient to be here| cient draught, but was not far different 
taken into account. The following are/ jn the two cases, the less economical fur- 
the estimates : nace having the economical advantage of 
Available heat per pound of wet tan 3 110.4 units. | such difference as did exist. 
Passing up chimney, 53 per cent... 1648.5“ The trial, therefore, exhibits very fairly 
latentin vapor 503.6 “eee. 2 
the intrinsic values of these two furnaces 


elevating tem- 2 
NE iste sv ad sntvneveacenie | as heat-generating apparatus, and of these 


“ 
“ “a 


“a 


1 144.9 
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two radically different methods of work- 
ing them as taken apart from the effi- 
ciency of heat-absorbing or heat-utilizing 
contrivances. 

59. The importance of high tempera- 
ture of furnace is strikingly and beauti- 
fully illustrated by these results. The 
two furnaces develop practically the same 
amount of heat from the fuel, but the one 


distributes it through a large volume of 


gases at low temperature, sending a con- 
siderable proportion of it up the chimney, 


while the other raises a small volume of 


as to a much higher temperature, making 
it more available to the extent of 33 per 
cent., and finally, even then, sending up 
the chimney gases of higher temperature 
than the first. 

The abstract efficiency of the furnace, 
in any ordinary case, is represented by 
the formulea— 

oe a %— 7, 

iL—t, 7 1 — T; 
Where ¢' represents the efficiency and ¢, 
and ¢, are the absolute temperatures at 
which the heat is generated, and at which 





wasted heat is discharged, and ¢, that of 


the external air, 7, 7), 73, are tempera- 
tures on the Fahrenheit scale. 
In these cases 


1 2 118° — 544° F _ 
~ 2 118° — 74 
11 919° — 452° 


919° — 86.5 

60. These values do not represent the 
efficiency of the fuel, including the vapor- 
ization of water contained within itself. 
In these cases the heat lost, as latent in va- 
porization, before the generation of these 
temperatures, is to be deducted to give 
the total efficiencies of the fuel, which 
thus are found to have the values of 0.77 
(1—0.182) = 0.’63 and 0.56 (1—0.175) 
=0.46. 

The experimental determinations were 
0.64 and 0.48, if referred to seasoned 
wood, and 0.63 and 0.47 when referred, 
as here, to dry wood of a calorific value 
of § 480 heat units. 

To make the values of e comparable 
with the standard already assumed for 
final absolute efficiency, per experiment, it 
1s necesary to add 9 per cent. to the first 
values of ¢, in each case, in order to 
credit the fuel with the heat used in the 

Vou. XIL.—No. 2—9 


0.77. 


= 0.56. 





vaporization of its water, and with the 
heat carried by the vapor up the chimney. 

Thus the values 0.77-+-0.09—0.86, and 
0.56-+-0.09=0.65 are deduced. These ra- 
tios, by experimental determinations, were 
0.87 and 0.67. The correspondence of 
these figures with those just deduced 
theoretically is a remarkably conclusive 
evidence of the accuracy of the estimated 
temperature and of the fact that the dif- 
ference of efficiency found by trial is due 
to such difference of temperature. The 
accordance is unusually precise. 

61. Rankine has given a formula* for 
determining the efficiency of fuel in ordi- 
nary steam boiler practice, where the 
ratio of the area of heating surface, and 
of fuel burned per hour, to the square 
foot of grate surface, is known : 


_B Ss 
SLAF 
is the quantity called above 


e 
e 


é 
in which — 
e€ 


e', A andB are constants, and / and S 
are the ratio of fuel burned per hour to 
the square foot of grate, and the ratio of 
area of heating surface to grate area. 

For the cases here considered A = 0.5, 
and B= 0.92, S = 8.5 for the Thomp- 
son, and 14,5 for the Crockett furnace, 


F = 1,38, and 5.3: = becomes 0.13 and 


2 
0.36, and the value of _ is, for the 


Thompson, 0.859, and for the Crockett 
furnace 0.776. 

Were this formula applicable to these 
cases, the experimental determinations of 
efficiency should coincide with these, but 
they are 0.64 and 0.48. This difference 
is a consequence of the facts that the fuel 
used in these furnaces was wet, and that 
the large proportion of heat absorbed by 
the water was so much abstracted from 
the efficiency of the fuel. Thus the ab- 
solute values are reduced. 

They differ, also, in consequence of the 
important fact exhibited in the preceding 
paragraphs, that the temperature of fur- 
nace differs in each case (and in the case 
of the Crockett furnace ay from 
the temperature, 2 400°, given by Ran- 
kine as the mean temperature of furnaces 
to which his formula is adapted. This 
changes relative values. 





* “Steam Engines and Prime Movers,” p, 292, § 4. 
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The value 0.859, for the Thompson fur- 
nace, is almost precisely that obtained by 
experiment—“ including water in fuel,” 
0.86—as it should be, since the tempera- 
ture of that furnace, 2 118°, is not far 
different from that of the ordinary coal 
fire. The value, 0.776, for the Crockett 
furnace differs greatly from that formed 
by experiment—“ including water in 
fuel,” 0.67—as would be expected in con- 
sequence of the exceptionally low tem- 
perature of that furnace. 

The difference between these two theo- 
retical values, 0.859 — 0.776 = 0.083, 


would represent approximately the loss 
of total absolute efficiency that might be 
expected were the case one of ordinary 
practice, and were the Thompson furnace 
supplied with boilers of as small a ratio 


of heating surface to fuel consumed, * 


as the, Crockett furnace actually had. 
The difference which would really be 


produced would be less in consequence of 


a circumstance peculiar to that example, 
of which the influence has not been no- 
ticed by writers on this branch of the 
theory of engineering. 

62. The rate of conduction of heat from 
the furnace gases to the heating surfaces 
with which they are in contact varies, in 
some not well determined ratio, with the 
difference of temperature. It may be 
represented approximately, according to 
experiments of Charles Wye Williams,* 
and judging from the analysis of M. Paul 
Havrez,t by a hyperbolic curve of which 
the equation is « y = A, y representing 
the evaporation for a unit of area of a 
tube at a distance x from the furnace. 

U = B log is the equation of total 
evaporation. 

hen the volume of gas is the same, 
as in cases to which the formula of Ran- 
kine applies, the constants in these equa- 
tions are the same, and his formula gives 


a remarkably satisfactory approximation. | P 


Where, as in the Thompson furnace, the 
restriction of the air supply causes a com- 
paratively slow movement of gases along 
the heating surface, the value of that por- 
tion nearest the fire becomes enhanced, 
leaving the furthest portions of less effi- 
ciency. 

* “ On the Steam Generating Power of Marine and Lo- 
comotive Boilers.’’— London, 1864, 


t “ Evaporisation decroisante en Progression, Geo- 
yee dans les Chaudieres.”—Revue Industrielle, 














The effect of reducing the air supply 
caren | one-half would, therefore, be to. 
actually reduce greatly the amount of 
the theoretical loss, 0.08, just given. The- 
real loss would be somewhere between 
this 8 per cent, and the smaller differ- 
ences noticed between the theoretical! 
estimates of efficiency of fuel and the 
actual differences shown by experiment. 
This latter consideration may, perhaps,. 
be taken as a proof that this difference of 
efficiency due to such achange of heating 
surface, would amount to approximately 
2 per cent. Were more steam wanted, 
this would be at once sacrificed at the 
Thompson furnace, to bring the tempera- 
ture of chimney up to that, 645°, which 
would give most efficient draught. 

63. At the Crockett furnace, the effect 
of the exceptionally low temperature of 
furnace is to equalize the value of heat- 
ing surface ; and the considerable velocity 
ot the gaseous current, which is a con- 
sequence of the unusually great volume 
of air passing through the furnace, in- 
creases this effect. The nearer surface is 
inefficient, and the most distant portions 
of the heating surface are therefore pro- 
portionally much more efficient than in 
the preceding case. 

Extension of surface is, however, pre- 
cluded by the fact that the temperature of 
escaping gases would fall still further be- 
low that required for effective draught, 
and, as already indicated, were it possible 
to operate the furnace at all, this tem- 
perature would become one-half the tem- 
perature of the boiler, were so much heat 
abstracted as to give an efficiency of fuel 
equal to that obtained in the other fur- 
nace. Heat would then pass from the 
boiler to the gas at those portions of its 
surface furthest from the fire, and the 
draught could only be maintained by 
means of special “ blowing” apparatus. 
This is snother fact illustrating the im- 
ortance of high temperature of furnace 
in the attainment of high furnace effi- 
ciency. 

64. The following table presents the 
results of the above investigation in a 
concise form, in which it may be found 
very useful for reference. 

65. Both of these furnaces were intro- 
duced about twenty years ago, and the 
first is in somewhat extensive use. No 
experimental determination of their actual 
relative efficiencies has ever been made 
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before, so far as the writer is aware, which 
has enabled their theory to be worked 
out. The determination of their theory, 
as here given, has greatly interested him, 
and will, perhaps, prove as interesting to 
the profession. It may he found of value, 
in view of the many important applica- 
tions which are daily being made of the 
various kinds of wet fuel. 

The temperatures, as given, may be 
somewhat below actual temperatures 
where they are determined from the com- 
position of fuel, as the calculations are 
made on the assumption that all vapors 





issuing from the fuel are raised to the 
mean temperature estimated, The real 
fact is, that they are expelled while the 
temperature of issuing gases is reduced 
by their presence, and they therefore do 
not abstract as much heat as is debited to 
them in the calculation. 

During those intervals of time which 
elapse between the drying of one charge 
and the introduction of the next, the tem- 
perature of furnace rises to that due to 
the combustion of dry fuel. The results, 
as given, are probably, however, practi- 
cally and sufficiently correct. 





ON SOME DIFFERENCES BETWEEN BRITISH AND AMERI- 
CAN ARCHITECTURAL PRACTICE.* 


‘ 
By WILLIAM FOGERTY, F.R. L, B. A. 


A RESIDENCE of over two years in the 
United States, during which I have vis- 
ited the principal cities and become ac- 
quainted with many of the leading mem- 
bers of the arehitectural profession, hav- 
ing previously spent the greater part of 
my life in the study and practice of archi- 
tecture in the United Kingdom, has 


brought fully before my mind many im- 
portant differences in the systems of prac- 
tice prevalent in the two countries, the 
consideration of which may not be un- 


worthy the attention of this Institute. 
The differences I refer to are not such as 
relate to modes of construction, employ- 
ment of material, or artistic style, but 
have reference to the business relations 
between architects, clients, and contrac- 
tors, rates of remuneration, measures of 
responsibility, and such like, constituting 
what may be called the economic aspects 
of the profession, apart from the scientific 





or in other words, that it is not as yet 
sufficiently developed or educated to 
avail itself of every improvement, general 
or special, which has been proved and 
found desirable in Europe. I have heard 
this idea broached as often by native 
Americans as by Europeans, but from 
whoever it originates, I disclaim all sym- 
pathy with it. On the contrary, I am 
convinced that there is no invention or 
improvement in the whole compass of 
modern civilization for which this country 
is not ready, and which, if it be really 
an improvement, will not meet with re- 
cognition proportioned to its value. The 
experience of the past, short though it 
be, fully bears me out in this view. So 
far from being disposed to remain behind 
Europe in the practice of any art, science, 
or business, the disposition of the Ameri- 
can people is, if I judge it rightly, to ad- 
vance beyond the older portion of the 


or esthetic, and as such may be conceived | world; and in pursuance of this noble 
as of great importance in themselves, and | ambition, as every unprejudiced person 


as presenting peculiar advantages for 
comparison, with a view to the adoption 
in one country of what has proved ad- 
wantageous in the other, or the rejection 
in one of what has been found objection- 
able in the other. 

I am very far from assuming, as one 
would suppose to be the case with many 
who have written on this great country 
and its institutions, that because of the 
youth of the nation, therefore it must be 
content to remain behind in many things, 





* Read at meeting of the N. Y. Chapter of the American 
Institute of Architects, Tuesday, Dec, 1, 1874, 





must admit, they have often enough suc- 
ceeded; for it is easy to point to many 
things that are far better contrived, or- 
dered, and settled here than in Europe. 
Nor are such things to be looked for out- 
side the limits of the architectural pro- 
fession. Many improvements, both in 
design and construction, are to be found 
in American buildings, for which, as yet, 
we look in vain in Europe. And even 
if we confine ourselves to the limited as- 
pect of the profession contemplated by 
the present paper, we find that in some 
particulars the condition of the profession 
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is rather better here than there. For in- 
stance, the frantic and disgraceful strug- 
gles called architectural competitions are 
neither so numerous nor yet so humiliat- 
ing as inEngland. Every time a church, 
school, or other quasi-public building is 
to be erected, a score or two of architects 
are not found ready and willing, as in 
England, to prepare elaborate and costly 
designs for it, on the bare chance of one 
of them getting the job and earning 
thereby a few hundred pounds or thou- 
sand dollars. 
draughtsmen are also somewhat better 
paid here than in England, though not as 
much in proportion as mechanics or other 
skilled helps. But when we have men- 
tioned these two more favorable condi- 
tions, we have nearly exhausted all that 


exist, though not, let me hope, all that | 


will soon be developed, when the really 
advantageous position which ought to be 


occupied by the architectural profession, | 


in so great and growing a country, is bet- 
ter understood. 

Certainly, if we compare the amounts 
expended on buildings in this country 
with the corresponding amounts expend- 
ed in England, the advantage would seem 
to be enormously on the side of the 
American architects. I have carefully ob- 
served the amount of work doing in sev- 
eral of the great cities, and am well sat- 
isfied that there is at least as much actual 
building doing in the United States as 
in the United Kingdom, but that the 
amount of money expended in this amount 
of building is on the average about three 
times as great. The difference is not so 
noticeable in small works, and the gen- 
eral use of wood in country houses tends 
to lessen it; but on the other hand, the 
use of brick, stone, and iron has become 
very general of late, and when we come 
to deal with structures where these ma- 


terials are employed, the disproportion is. 


enormous. I have little hesitation in 


saying that substantial buildings cost, on | 


the average, five times as much here as 
in England. For instance, a first class 
city church, bank, newspaper, or insur- 
ance office, that would cost $500,000 here, 
could be well built for £20,000 there. 
Nor does this enormous difference of cost 
seem to have any effect in lessening the 
number of costly buildings to be erected. 
The American public seems determined 


to have great and noble buildings, at. 


Architects’ assistants and | 


| from 


whatever cost—a resolve which should be 
at the same time honorable to the nation 
and advantageous to the architects. I 
know of only one building now in 
progress, in the whole British Empire, 


|on which the expenditure, after years of 
| discussion, has been authorized to reach 


a million of pounds, and yet I could name 
half a dozen buildings in progress in the 
United States on which the expenditure 


|is likely to reach three and even four 


millions of pounds. Whatever, therefore, 
may be the relative condition of the pro- 
fession in the two countries, the public 


that has to be served is enormously more 


lavish in its expenditure on this side than 
on the other. Yet I fear that, whoever 
may reap the benefit, but a very small 
and undue share of this lavish expendi- 
ture must find its way into the pockets 
of the architects. 

For when we come to compare notes as 
to the actual condition of the profession 
in each country, the advantage, apart 
the two particulars previously 
noted, would seem to be altogether on 
the British side. First, the profession is 
much more numerous there than here. 
About 150 architects’ names appear in 
the New York business directory for a 


| . . . . . : 
city of one million inhabitants, while Lon- 


don gives about 1,000 to a population of 
three-and-a-half millions, Even this com- 
parison should be adjusted, for the Lon- 
don and New York architects are not so 
much dependent on their respective cities 
as on the country at large, and I need 
scarcely say that the population of the 
United States is considerably greater 
than that of the British Isles. And, 
leaving numbers out of the question, let 
us compare the incomes realized as far as 
they can be judged. The profession of 
architecture is not a particularly lucra- 


|tive one anywhere, but nevertheless, I 


think among its members indications of 
well-being are more manifest in England 
than in America. The leaders of the 
profession there, who are generally noted 
by having the somewhat doubtful honor 
of knighthood conferred upon them, have 
also commonly realized adequate fortunes 
or incomes, and, in a fair number of cases, 
have sat in Parliament and become chair- 
men or directors of banks, railways, and 
insurance companies. And the men in 
good practice, next to them, generally 
manage to keep up as good establish- 
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ments as the men of same rank in other 
liberal professions. I must say I have 
beard very few cases of fortunes made by 
architects in America. 

Among the numerous biographies of self- 
made men, which form so large a part of 
the popular literature with which “ young 
America” is regaled, I find merchants, 
manufacturers, lawyers, doctors, contrac- 
tors, engineers, builders, store and hotel 
keepers in abundance, who, in greater 
murmbers than in any other country, have 
risen from nothing to affluence, but 
rarely if ever have I found mention of 
an architect of whom the same can be 
said. The only remarkable case I can 
call to mind is that of the late John Kel: 
lum, whom, as I am informed, this Insti- 
tute would not admit to its membership. 
It can hardly be doubted, I think, that in 
this country architects are not much appre- 
ciated. Those of them who occupy public 
positions, even though charged with the 
direction of enormous and costly struc- 
tures, which cannot be rivalled in these 
respects in Europe, are yet paid salaries 
which, when the high price of living is 
considered, amount positively to a bare 
subsistence. The architect of the United 
States Treasury in Washington, directing 
an expenditure of from ten to twenty 
millions of dollars annually, and conduct- 
ing what is undoubtedly the largest archi- 
tectural business in the world, receives 
the magnificent sum of $4,000 a year. 
The State of New York isa little more 
liberal to the architect of the new Capi- 
tol—one of the greatest architectural 
works the world has ever seen—and al- 
lows him $10,000, Compare these with 
the salary of the architect of the City of 
London, who has only to attend to the 
buildings undertaken by the Corporation 
of that one city, and receives £3,000 a 
year, besides a liberal extra allowance 
whenever special arrangements have to 
be made for the reception of a Sultan, 
Shah, or Emperor. Although Sir Charles 
Barry considered himself shabbily treat- 
ed, he received 34 per cent. on about two 
millions of pounds for the new Houses of 
Parliament, and the vigorous remon- 
strances made by the profession on that 
occasion secured that in all future works 
of like magnitude, such as the Govern- 
ment offices and the Law Courts, the reg- 
ular rate of five per cent. has been adhered 





to. A still more significant example of 
the slight esteem in which architects are 
held here is to be found in the notices of 
public buildings by the press. Rarely if 
ever is the architect’s name to be found 
in any of these. The committee, con- 
tractors, superintendent—anybody is 
deemed worthy of special mention but 
the architect, whose share of the work is 
not considered worth mentioning. Intel- 
ligent Americans, both at home and 
abroad, are not slow to boast of the great 
structures to be found in this country, 
such as the Capitol and other public 
buildings at Washington, but not one in 
a hundred seems to know who were the 
architects of these great works, or if he 
does happen to know, to think anything 
remarkable about them as having exhib- 
ited genius, skill, or taste of which the 
country might be proud. Not so the 
merest ragamuffin in the streets of Flor- 
ence or Vienna, who knows all about 
Michael Angelo and Palladio; or the 
youngest schoolboy in London, who 
knows St. Paul’s and the London 
churches as the works of Sir Christopher 
Wren. The material elements of a build- 
ing, its dimensions, the amount of granite 
or marble used in it, and especially the 
number of millions of dollars it has cost, 
are considerations to which the American 
mind is fully alive; but the mental or 
artistic element, the brain work involved 
in the design, and particularly the man 
who supplied this brain work, are matters 
apparently regarded with supreme con- 
tempt and indifference. 

And yet this takes place in a country 
by no means ungrateful to her great men 
or humbler intellectual laborers in other 
fields. The names of the founders of the 
Republic, of the signers of the Declara- 
tion of Independence, of the generals, 
admirals, and statesmen who have 
adorned its history are as much honored 
here as are those of the corresponding 
men of other countries. American authors 
do not reap their full pecuniary reward, 
chiefly because of the absence of an in- 
ternational copyright, but receive their 
full share of honor at all events. Ameri- 
can painters, sculptors, and musicians have 
no cause to complain of want of appreci- 
ation by their countrymen, nor will either 
the incomes earned by or the considera- 
tion accorded to the members of the legal 
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and medical professions suffer by com- 

arison with the same in England.* Ar- 
<chitects seem to stand almost alone in the 
-experience of neglect and even con- 
‘tumely in a country where their services 
ought to be more in request and more 
highly valued than in any other. 

Avery little observation and comparison 
will show that architects are much more 
extensively employed in the old country 
than in the new. Scarcely any building 
is undertaken in the United Kingdom 
without ene. Asensible man there would 
think as soon of going to law without a 
lawyer as of building without an archi- 
tect. In this country, however, nothing 
is more common than to see large and 
costly structures erected without any, the 
business being done or rather usurped by 
some boss mason or other contractor who 
succeeds too often in persuading the pro- 
prietor that he can do better than any | 
architect, which would certainly be true | 
if his own profit and interest were the | 
only matters to be considered. 

he Rev. Dr. Osgood, a well-known 
and warm friend of the profession, in the 
address which he gave to the New York 
Chapter about a year ago, admitted pret- | 


ty much what I have stated above, when 
he alluded to there being “trouble be-| 


tween the American public and the archi- | 


tects.” And as one of the means he 
prescribed to remove this trouble was 
that architects should use their pens| 
more, I will endeavor so to use mine as 
to trace out some of the causes which 
bring the profession in this country into 
disrepute, and by comparison with the 
older country, to point out some of the 
means by which its status may be im-| 
proved. 

The chief element in the want of ap- 
preciation shown by the American public | 
towards architects is to be found in the 
ignorance which prevails as to what the 
proper functions, responsibilities, and re- | 
muneration of architects really are or'| 
ought to be. A general idea of course 


f 


rance will be found to prevail. 
can only succeed in removing this igno- 





* Professor Erichsen, one ofthe most eminent surgeons 
in England, who has recently visited this country, and 
lectured on the condition of the medical profession in it, 
is of opinion that that profession enjoys a higher degree 

- of social status and consideration in the United States 
- than in any other country. 


revails that architects “draw plans,” | 
ut beyond this the most profound igno- | 
If we} 


rance, a vast deal will be done towards 
removing the evils which follow from it. 

I have already alluded to the disgrace- 
fully keen struggles which take place in 
England over every public building 
thrown open to competition; but this 
after all is only one instance of the over- 
crowding in every branch of business 
which prevails there, and proves that at 
any rate the position of architect to any 

ublic building is something worth striv- 
ing after, and it really is so, because 
once appointed to that position, the du- 
ties, responsibilities, and emoluments are 
understood and admitted as a matter of 
course. Here, on the contrary, once a 
design is selected, the architect has to 
enter on a series of discussions as to 
what further he is to do in reference to 
it ; whether he is only to furnish the plans, 
or whether he is also to superintend, and 
in what way, and at what rates ; if there 
is to be a superintendent besides the 
architect, and if so, whether he is to act 
over or under the architect. If it be 
settled that the architect is to be paid a 
commission, and the rate of that be set- 
tled also, a third question arises also as 
to what amount it is to be charged upon; 
whether upon the whole, half, or two- 
thirds of the cost of the work. That 
such questions can and do arise indicates, 
as above stated, a deplorable amount of 
ignorance on the part of the building 
public; but itindicates more; namely, a 








vast deal of neglect and irregular prac- 


tice on the part of the profession. It 


ought surely be the business of the archi- 


tects, individually or collectively, to en- 
lighten the public on all these questions ; 
for if not, who else is to do it? <A pro- 


| per code or system of practice is needed, 


towards which the Institute has certainly 
made some approach, but this will be of 


/no avail so long as the profession gener- 
|ally do not adhere to it in practice. The 


functions, powers, responsibilities, and 
charges of architects need first to be 
‘thoroughly understood and agreed on 
among themselves, next to be made 
known to the public in every possible 
way, and thirdly to be fully and honest- 
ly acted up to by the profession. When 
these three conditions are fully complied 
| with, it will be seen whether the public 
will not accord a larger amount of re- 
spect to the profession than ever it has 
| done hitherto. 
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In considering such a code or system 
of practice, the profession in this coun- 
try ought to be possessed of a great ad- 
vantage in having all the experience of 
the old country to guide them. Up to 
the present it wouid seem as if this In- 
stitute had been very much disposed 
to follow that example, for I observe the 
brief scale of charges issued by it agrees 
in the main with that of the British In- 
stitute. It however differs in being 
much briefer and less definite, the former 
of which would be an advantage if it 
did not involve the latter. Brevity is 
highly desirable if it be not attained at 
the expense of clearness. Now the scale 
of charges of the American Institute 
makes no mention either.of a surveyor 
or superintendent (or clerk of works), 
thereby ignoring or leaving in doubt 
two most important points in architec- 
tural practice ; namely, accurate estimat- 
ing and proper supervision. Now, my 
observation during the period referred 
to above has led me very strongly to 
form the opinion that the total neglect 
of one of these points, and the irregular 
manner in which the other is performed, 
are among the most powerful causes 
that have contributed to make the pro- 
fession at large to enjoy so little of the 
confidence of the American public; and I 
therefore propose to consider these sub- 
jects in detail more fully further on. 

If the American architects could suc- 
ceed in getting the same rates of charges 
generally adopted here as in England, the 
profession ought certainly be a very lu- 
crative one, for, as already observed, the 
cost of building is so much greater. To 
take the examples already quoted, a 
church or other first-class building for 
which the architect would receive £1,000 
in the old country, he would get $25,000, 
or nearly £5,000, for here. And yet he 
would have no more to do in one case 
than in the other. To be sure he would 
have to pay his assistants a little higher, 
perhaps twice as much as the same class 
of men receive in the old country, but 
this is almost the whole difference. The 
wonder is, then, that with such a scale of 
charges apparently in general use, the 
architectural is not the most lucrative 
profession in the country. But a little 
further inquiry will soon show that the 
attempt to establish the same rate of 
charges here as in England has not suc- 


ceeded, and that, as a general thing, no 
such rates are paid unless on frame or 
other small buildings, where the outlay 
would not be much greater than on simi- 
lar buildings in England. And I think 
the American public can hardly be 
blamed for hesitating to pay New York 
architects four or five times the actual 
money for the same services as is paid to 
London men, merely because it amounts 
to the same rate per cent. And I ques- 
tion whether this high rate being so pub- 
licly put forward, although privately de- 
parted from, does not frighten the same 
public from having anything to say to 
architects at all, and thereby defeats its 
own object. Certainly it has been no- 
ticed more than once, that the architects 
who have habitually worked under that 
rate have done well, but that those who 
have persisted in adhering to it have 
done but indifferently or worse. I re- 
spectfully suggest, therefore, that unless 
it is to include more than what is ordina- 
rily included in England, the five per cent. 
may be too high a rate for an architect's 
services on such buildings as those re- 
ferred to, and might possibly, with ad- 
vantage both to the profession and the 
public, be reduced. 

It is commonly urged in defence of the 
| attempt to set up the same rates of charge 
| here as in England, that the cost of living 
|is so much greater here than there as to 
| justify it. But this is not by any means 
|clear. House rent, clothing, and a few 
| other items cost more, but the difference 
|is not such as to justify architects in ask- 
ing so very much more for their services 
|than their English brethren get. The 
| medical and legal professions do not ask 
| four or five times the fees of their British 
|confreres. It need searcely be observed 
that the judges, cabinet ministers, and 
other high officials, get much less than 
the corresponding functionaries in the old 
country. But supposing the statement as 
to the cost of living were admitted, then 
the means adopted to meet the increased 
expense are very unfortunate, for the 
effect, as above pointed out, is greatly to 
limit and circumscribe the employment 
of architects, and cause them to realize 
| much less incomes on the whole than are 
|attained by the members of the same 
| profession in the old country. 
| It may, however, be worth considering 








| whether it is not better to keep to the 
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time-honored rate, but to make it include, 
not only all that is included in England, 
but also some things that in England are 
considered additional matters, although 
incidental to an architect’s employment. 
And I am not clear but that this was the 
idea of the original framers of the Ameri- 
can scale. At least, such is the plain 
meaning of it as it stands. The first 


clause reads, “In full professional ser- | 
vices (including superintendence) five per | 


cent. on the cost of the work.” Passing 


over the possibility of an architect’s hav- | 


ing to prepare several designs for the 


same work, for which the English scale | 
specially provides an extra charge, and for | 
which the American one makes no pro-| 


vision, let us inquire what would any in- 
telligent client understand by 
Would not he at any rate understand 
that the architect was bound to superin- 
tend fully ? and would not he justly con- 
sider that a demand on the part of the 


architect for a local superintendent, to be | 
paid by the client, in addition to what he | 


pays the architect, was highly unreason- 


able? And yet I have heard and read | 


loud complaints from American archi- 
tects because clients will take this view. 
I think it a great matter of regret that 
there should be any misunderstanding on 
such an important subject, and that it 
issues either in the architects attempting 
to carry on their works without compe- 
tent local superintendents, or that the 
clients will insist on having such, but 
make a deduction from the architect’s 
fees on that account, and too often trans- 
fer the confidence which should be given 
to the architect to the superintendent in- 
stead. In fact, instead of working har- 
moniously, as do the English architects 


and their local superintendents, or “ clerks | 


of works,” as they are called, the Ameri- 
can architects and superintendents are 
commonly to be found arrayed in hostil- 
ity against each other. 


state of things rests with the profession. 
For surely the idea that the architects 


themselves, by making occasional visits, | 


can fully and properly superintend works 
of any consequence, whether in their im- 
mediate neighborhood or perhaps miles 
away, is downright preposterous. Most 
clients regard it as such; and, if there be 
no other superintendent than the archi- 


this ? | 


And I hope [| 
will be pardoned for saying that I fear | 
the chief blame for this unsatisfactory | 


tect, expect, and with reason, to see him 
at the building every day. Of course 
the client is disappointed in this expecta- 
tion, and finds that what he and his ar- 
chitect meant respectively by “ full pro- 
fessional services (including superinten- 
dence) ” were two different things. Un- 
‘less he is satisfied to have his work 
scamped, he will insist on a local super- 
intendent forthwith, on account of whom 
the architect’s fees are reduced, and who, 
feeling that the architect would have 
done without him if he could, too often 
begins to do his best to oust the architect 
and supplant him in the confidence of the 
employer. This is clearly a most objec- 
tionable state of things, and can only be 
| remedied in one or the other of two ways; 
viz., either by the architects honestly 
undertaking to do by deputy what they 
/cannot do in person, and providing com- 
|petent local superintendents, appointed 
jand paid by themselves (which I believe 
they could well afford to do if they get 
the five per cent.), or by aclear distinction 
being drawn between the general super- 
intendence, which the architect can give 
himself, and the close and constant su- 
pervision by a local superintendent, and 
by the client being at once advised that 
| the first is all that he can expect from his 
architect, the second he must pay for in 
addition. This latter is, as is well known, 
the English system, and is clearly enough 
stated in the English scale; and if it be 
thought desirable to have the same 
adopted here, it should also be stated in 
the American scale. I doubt very much, 
however, that the American public at 
large will ever agree to pay architects five 
per cent, and pay superintendents in addi- 
tion; and I would recommend in prefer- 
ence, to keep to the existing scale, but act 
on it in its full meaning, and let the ar- 
chitects of all important works provide 
competent local superintendents paid by 
themselves and responsible directly to 
them. This would go far to gain the 
confidence of the clients, and reconcile 
| them to the payment of the five per cent., 
and [ am informed has been the practice 
of some of the most successful men, both 
‘in New York and Boston. Anything 
almost would be better than to have 
noble designs murdered in their execution 
for want of proper supervision, or to have 
architects ousted from a most important 
jpart of their business by the rivalry of 
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hostile superintendents, thereby reducing 
them to the level of mere draughtsmen. 

There can scarcely be a more danger- 
ous rock for the architectural profession 
to split on than this; for not alone is the 
superintendence of their buildings likely 
to be taken out of their hands, but also 
the selection of contractors and control 
of building operations generally. In this 
respect the practice here contrasts disad- 
vantageously with that of the old coun- 
try. There the whole business of getting 
tenders and arranging contracts is done 
under the architect’s direction, it being a 
settled principle that none but contrac- 
tors with whom he is satisfied shall be 
employed. Here, I regret to observe, se- 
lections of the same kind are made with- 
out any reference to the architect, and of- 
ten enough, in consequence, contracts for 
large works are awarded to scoundrels 
destitute alike of principle, capital, or 
credit, from whom the architect may as 
well expect to get good work as to bring 
any other clean thing out of an unclean. 
And it may easily be observed that no 
matter how little the architect may have 
had to do with the selection of the con- 
tractor, and how honestly he may have 
endeavored to compel the proper execu- 
tion of the work, he is held fully respon- 
sible, both legally and otherwise, for 
whatever failings or defects may be found 
to exist in it. 


The next important point of difference | 
between English and American practice | 


has reference to the preparation of esti- 
mates, and is of the utmost consequence 
as affecting the credit of the profession, 
I think there can be but little doubt but 
that the American public has little or no 
faith in architects’ estimates. The report 
of Governor Dix to the Legislature of 
New York contained most severe stric- 
tures on the profession in this respect, 
and whether fully justified or not, his re- 
marks were extensively echoed by the 
press, and I am not aware that any satis- 
factory answer or explanation was ever 
given on the part of the profession. And 
if we look into the matter and compare 
notes, we find that this is unquestionably a 
neglected matter by American architects. 
The manner in which estimates or bids 
for works are obtained in chief cities of 
the United States is still the same as it 
was in England fifty years ago, and may 
Jawfully be characterized as unsystematic, 


wasteful, and inaccurate. It does not seem 
to be usual to have any calculations made 
on the part of the owner or architect as 
to the amount of work requisite to carr 
out a design, or the prices that work is 
likely to cost, until actual bids or tenders 
are required. Architects’ estimates, there- 
fore, are very seldom made at all, and 
what pass for them would be more pro- 
perly described as architects’ guesses, 
not being the result of calculation. When 
tenders are asked for, accordingly, neither 
the architect or owner has commonly any 
but a very hazy idea as to their proba- 
ble amount, and the extent to which that 
may be affected by any particular item 
in the design or specification. The draw- 
ings and specification are placed before 
a number of contractors, who commonly 
take up a deal of the time of the archi- 
tect and his assistants, as well as a deal 
of his office room, while engaged in over- 
hauling them, and making out their cal- 
culations, and unless the architect has 
his drawings lithographed, so as to be 
able to supply each contractor with a 
copy, a vast deal of delay and inconve 
nience occurs in lending out the draw- 
ings to one after the other. When the 
bids or tenders come in, they only appear 
ordinarily as lump sums, for the contrac- 
tors are very chary of allowing their de- 
tailed calculations to be seen, and with 
good reason, for any that have yet come 
under my notice exhibit the most surpris- 
ing discrepancies and absurdities, and it is 
therefore easy to understand why they. 
should be so sedulously kept out of view. 
Before reviewing other defects in this 
system I may first observe that it is evi- 
dent a large waste of labor is involved 
lin the fact that each contractor has to 
| calculate the quantities of work for him- 
self, a business which might just as well 
be done by one for all, and a very com- 
plex matter if properly done, but which 
of course may be slurred over or jumped 
at if men prefer to do so. The fact that 
contractors, are found willing to incur 
all this unnecessary trouble is no defence 
for the waste it involves. At present it 
is the only means they have of obtaining 
contracts, and must be submitted to, but of 
course it must be paid for in some way 
and come out of somebody’s pocket. 
Architects may fancy it is no affair of 
theirs, because the contractors are willing 
to put up with it, but this principle, if 
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nerally acted on throughout the world, 
would forbid all improvements by which 
waste is stayed or economy effected. A 
steamship, railroad, or telegraph company, 
for instance, which would neglect an 
means by which waste could be stayed, 
merely because the public or shareholders, 
not having | other resource, had to 
put up with the result whether on the 


rates or dividends, would be guilty of 


tens unfaithfulness either to the share- 
olders or public, possibly to both. 
the architects are to be really what they 
are nominally, the “master-builders,” it 
is their duty in the interest of the build- 
ing public to make such arrangements as 
will prevent waste of all kinds, and there- 
by popularize as much as possible the 
business in which they are engaged. 
Apart from this, a set of tenders only 
in lump sums is unsatisfactory: first, be- 
cause it gives no security against collu- 
sion; and secondly, because it gives no 
aid towards revision and adjustment, 
should it be found, as so often happens, 
that the amounts exceed the prescribed 
limits. It does not by any means follow 
that because a set of tenders differing not 
very widely are received for a work, that 
its proper value has been reached. The 
often hasty and irregular manner in 
which the quantities are calculated, as 
above described, may reasonably be ex- 
pected to issue in mistakes, through 
whick a man whose prices may be lowest, 
and facilities for executing work are the 


most advantageous, may he at the top of 


the list, and vice versa. Caucuses and 
combinations may be, and, if Iam rightly 
informed, often are found amongst con- 


tractors by which they agree on whose bid | 


is to be the lowest, the rest putting in at 
a small sum over it. 
be items in the work which cost more 
than they are really worth to the design, 
and which, if the architect or owner 


knew the cost of separately, they would | 


be glad to dispense with or modify. But 
supposing one of the tenders to be deemed 
satisfactory and be accepted : what means 
exist for the architect to adjust the 


amounts of the instalments to be paid on | 
account? A mere lump sum for the| 


whole gives him no guide in determining 
these. The same applies to the valuation 
and adjustment of such deviations, 
whether by way of addition or redue- 
tion, as may be ordered during the exe- 


If 


Again, there may | 


cution of the work. Itis often provided 
that the amounts to be allowed for these 
are to be determined by the architect; 
but how? Without the possession of 
some better guide than the lump amount 
of the contract, all these matters must 
be mere guess work; and do we find in 
practice that either the public or the con- 
tractors are -quite satisfied to abide by 
the guesses of the architect on these sub- 
jects? So far as my observation has 
gone, it appears to me that American 
architects generally do not command the 
confidence of either in this important part 
of their duty, and that consequently they 
are frequently displaced from the position 
they ought to occupy as sole umpires or 
arbiters between employers and contrac- 
tors, and lose thereby both the emolu- 
ments and consideration which would 
attach to such a position. 

The English system, in contrast with 
| this, is as follows: During the prepara- 
‘tion of or on the completion of the oo 
|ings and specification, the architect em- 
| ploys a building surveyor (one of a large, 
|useful, and respectable profession), to 
| “ take out the quantities,” as it is called, or 
|in other words, to calculate with accuracy 
| the amount of work of every kind requir- 
ed for the building. Should the architect 
‘be under any particular necessity for 
| keeping within prescribed limits of ex- 
pense, the surveyor often prices these 
himself, and advises the architect of the 
cost of any items that it may be desirable 
to modify or reduce, in preparing the 
specification. Ordinarily, however, this 
is not done till after the tenders are re- 
ceived. On the completion of the bills 
of quantities, they are lithographed, and 
a copy furnished to each party for whom 
a tender is to be received, whether they 
be invited by public or private advertise- 
iment. This, of course, relieves the con- 
| tractors of nine-tenths of the trouble they 
have here, as, on receipt of the bills of 
quantities, they have only to append their 
prices and make up the amounts. As a 
/consequence contractors @an tender for 
ten buildings at less trouble to them- 
selves than they can for one here, and 
the tenders are delivered with a promp- 
titude and certainty that could not oth- 
‘erwise be attained. So fully is this sys- 
tem appreciated by the contractors as well 
}as architects that it would be quite use- 
| less to ask for tenders in any of the great 
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| 
cities without quantities being supplied. | the alterations necessary in the specifica- 
Contractors would very properly tell ar-| tion are made, and the work proceeds, It 
chitects, if called upon to come and esti-| is the usual condition in the contract that 
mate from his plans, that they had better | the contractor is to deposit with the ar- 
use for their time, and that of their|chitect a copy of the detailed estimate, 
clerks, than to calculate quantities fur| and that it is to be the basis for ascer- 
him or his clients merely on speculation. | taining the amounts due as instalments 





It is not by any means, as has been sug- 
gested to me here, that British contrac-| 
tors are not so intelligent as those here, 
and do not know how to calculate quan- 
tities. Builders or building contractors 
there are as shrewd and intelligent as are 
to be found anywhere, but just because 
of this they are unwilling, each one, to 
waste his time doing what one could do 
for all; and, if a surveyor were not ap- 
pointed by the architect, they would ei- 
ther refuse to tender, or meet and elect 
one to do the business for them. Their 
experience has shown them what might 
be expected; namely, that a skilled sur- 


> 


veyor who makes a specialty of the busi- 
ness is more likely to analyze the draw- 
ings correctly than any one else, and that 
bills of quantities prepared in this way 
are more full and correct than any they 
could prepare for themselves, even if they 


during the progress of the work, also for 
valuing extras or omissions. It is not 
usually shown to the clients, but the pos- 
session of it is of great service to the ar- 
chitect as giving him an insight into the 
manner in which the funds at his disposal 
are being expended, and placing him ina 
position to do strict justice between cli- 
ent and contractor, which he would not 
otherwise occupy. The detailed estimate 
is of equal service to the contractor, as it 
enables him to order his materials and 
make sub-contracts with great facility, 
and it is just as much a protection to 
every honest interest of his as of the cli- 
ent. 

The cost of taking out the quantities 
(or in other words the surveyor’s fee) 
is ordinarily defrayed by a commission 
which varies in England from one to two 
and one-half per cent., and which in in- 





viting the tenders is arranged to be paid 
by the contractor who gets the work, 
own lawyer has a fool for his client, they | who of course duly provides for it at the 
would consider a man who insisted on | foot of his estimate. Of course it really 
taking out his own quantities was a fool} comes upon the owner, as is proper, for 
for his pains. I have no doubt but that| who else should pay the whole expense 
respectable American contractors gener-|of a building operation? But all expe- 
ally would think the same if but they| rience has shown that it is no extra ex- 
were given the alternative, and up to the | pense, but, like an architect’s commission 
present my experience has fully sustained | or an insurance premium, is money laid 
that view. lout to advantage. No building owner 
When the tenders are received, should | of any intelligence would be tound to ob- 
the amounts be excessive, the maker of ject to it. Should the work be abandon- 
the lowest is ordinarily invited to confer | ed it has been held by the courts that it 
with the architect, and produce, for the | becomes payable directly by the owner. 
information of the latter only, his detail-| In no case is it chargeable to the archi- 
ed estimate, based on the quantities, | tect, whose commission of five per cent. is 
which shows, of course, the cost of each | even more distinct from this item than it 
item, as well as of the whole work. It is |is from the salary of the clerk of works. 
reasonably assumed that both the archi-| Although retained by the architect for 
tect and contractor should be interested | the purposes above mentioned, it is not 
in having the work go on to a successful | usual in England to make the contract 
issue, instead of being abandoned as|refer to the quantities, but to the draw- 
might happen on account of its extrava-|ings and specification. It follows, there- 
gance, and accordingly there is neither | fore, that should there be any error by 
jealousy nor mystery between the archi-| which the contractor suffers loss, the sur- 
tect and contractor, as seems to prevail|veyor is personally liable to him. This 
here. Usually the possession of the de-| element, about which sometimes a great 
tailed estimate enables the cost to be ad-| noise is made in the English journals, 
justed to meet the wishes of the owner;| practically amounts to very little. Ex- 


ceuld spare the time necessary to be 


given toit. Just as a man who is his | 





BRITISH AND AMERICAN ARCHITECTURAL PRACTICE. 


141 





perience has shown that such mistakes 
are rare, and that in general surveyors do 
the business more accurately than could 
the contractors themselves, and no really 
qualified expert, whether he be surveyor, 
architect, engineer, lawyer, or physician, 
should be afraid to assume the fair meas- 
ure of responsibility which the practice 
of his profession involves. 

In Scotland, however, a difference ex- 
ists, which is characteristic of that canny 
nation, and is really though not apparent- 
ly more economical. The contracts are 
usually taken there with special reference 
to the quantities, the contractor agreeing 
to supply the amounts of work therein 
stated, but with this proviso, that should 
less or more be required for the execu- 
tion of the building as shown in the 
drawings, the difference is to be credited 
or charged, as the case may require. This 
to some extent lessens the surveyor’s 
responsibility, but often involves a re- 
measurement of the work ; but it secures 
that the client only pays exactly for the 
amount of work he gets, and the builder 
is sure of being paid for all the work he 
has done. It is liable, however, to the 


objection that the contract amount is not 


so definite and fixed as under the English 
system, and however it may find favor in 
Scotland, has as yet not been adopted 
south of the Tweed. Of course the main 

rinciples involved are identical, one be- 


tage of any improved system of business, 
and I have found both quite ready to 
admit and recognize the utility of this. 
Some contractors, I have heard, object, 
but on a principle which will scarcely 
bear examination. They say on that sys- 
tem any one can tender and the competi- 
tion will be too sharp. This is practical- 
ly an admission of the efficiency of the 
system, and can hardly be entertained by 





architects, who, being employed by the 
|owners, should consult their interests 
first. But more than due contractor who 
| has objected to the system has acknow- 
ledged that he did so because it would be 
a safeguard to the owner. I have found, 
however, that there are plenty of honest 
and responsible contractors ready to ad- 
mit its great utility, and to avail them- 
selves of it also whenever it has been 
fairly offered to them. From the great 
cost of building operations here in com- 
parison with the United Kingdom, a 
much less rate per cent. would pay for the 
service here than what prevails there— 
say one-half to one per cent.—and would 
| in all probability save ten times its amount 
| besides the other advantages referred to 
as likely to result from its adoption. 

The supposed unwillingness of con- 
tractors generally to conform to the sys- 
tem has been put forward by some archi- 
|tects to me as an objection to it. This 
| unwillingness, as above mentioned, I have 





ing that the architect should have a con-| not found to exist, unless in a few cases, 
trolling power in regard to the estimates | and with a class of men least deserving 
and cost as well as every other particular | of the attention of architects. Even if it 
relating to a building, and that these | did exist, are the contractors to be looked 
should be calculated in a regular and | on as the proper persons to decide such a 


systematic manner. 

I think a fair consideration of this sys- 
tem, whether as practised in England or 
Scotland, will show that it is just as well 
= to the practice of this country-as 
of the 
tion and influence of the architectural 
profession would be largely improved by 
its adoption. I am. confident that the 
want of such a system has a good deal to 
do with the public dissatisfaction with 
the profession alluded toabove. It clear- 
— with the architects to take the 

rst step in its introduction, unless indeed 
they choose to resign their proper posi- 
tion as the masters of the art of building. 
My ne goa has shown that the Ameri- 
an public and building contractors are 
by no means slow to discern the advan- 


United Kingdom, and that the posi- | 


| question, or does it not rather belong to 
| the province of the architects ? 

| I believe there are plenty of contractors 
|who would do without architects alto- 
gether if they could, and as a parallel to 
their willingness to make their own cal- 
culations, we find this class ready on all 
occasions to prepare plans also, as they 
| profess, free of charge. If the architects 
| be disposed to abdicate their functions in 


| favor of such contractors in deciding one 


question, they might just as well do the 
same with reference to the other, and be- 
come mere draughtsmen, under the direc- 
tion of the contractors, at once. If the 
architects are afraid to get proper calcu- 
lations made in the interest of and for the 
protection of their clients, merely because 
certain contractors do not like it, they 
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might as well give up preparing accurate 
lans and specifications and the whole 
usiness of superintendence because the 
same class of contractors would much pre- 
fer doing without these things also. 

Above all, the interests of the clients 
or building public imperatively demand 
that such an important branch of archi- 
tectural business as the preparation of de- 
tailed estimates should not be neglected 
by the profession or handed over to those 
whose interests are adverse, and who, not 
being specially paid for them, can hardly 
be blamed if they keep their calculations 
for themselves, and try to recompense 
themselves in some other way. 

The Scriptural question “ Which of you 
intending to build a tower sitteth not 
down first and counteth the cost there- 
of?” must be answered negatively if we 
apply it to American architectural prac- 
tice as it is; and if the result of begin- 
ning to build without being able to finish 





does not often take place, the almost 
equally unsatisfactory result of having 
to pay an enormous sum beyond what 
was originally contemplated happens too 
often, and, as in the case of the Governor’s 
report already alluded to, brings no small 
discredit on the profession. 

I trust that in instituting the foregoing 
comparison between British and Ameri- 
can architectural practice, I have not over- 
stepped the limits of fair criticism, my 
object being to place the experience of 
the profession in the old country at the 
service of those who practise the same in 
the new, and with a sincere desire and a 
sanguine hope that amidst all the progress 
making in other arts, the noble and im- 
portant one of architecture may not re- 
main behind, and that its professors may 
reap the benefit in being fully accorded 
the emoluments and consideration to 
which the practice of their art should so 
justly entitle them. — 





IRON AND THE SMITH. 


From ‘* The Builder,”’ 


GENERALLY the discovery of iron is 
understood to have been long posterior 
to that of bronze, While it is as yet im- 
possible to affix exact chronological dates 
to the first introduction of any of the elder 
metals into the service of man, it is ascer- 
tained, beyond reasonable doubt, that the 
employment of gold was earlier than that 
of bronze, and that the manufacture of 
bronze preceded that of iron. Silver is 
interposed (perhaps in the first instance 
by the al between gold and bronze; 
but of the justice of that attribution it is 
difficult to form an opinion. It is, how- 
ever, easy to understand that metal whick 
is found in a virgin state, as in the case of 
gold, would more readily yield its resour- 
ces to human industry, than metal found 
only in a state of ore. But even here we 
must speak with some reserve, as we are 
aware of the actual existence, although 
rare, of tolerably pure virgin iron, in the 
form of meteoric deposit, while we are un- 
able to cite an instance of virgin bronze. 

But while we cannot reduce the date 
of the earliest work of the smith to his- 
toric time, there is no reason to doubt the 
sequence of the various metals, in so far 





as they were known to or used by man. 
It is rather the philosophical than the: 
historical or chronological date which 
we thus attain; but that is ample for our 
present need. At a distance of time: 
which is uncertain, but which is to be 
measured by millenniums, rather than by 
centuries, and which may differ widely in 
different regions of the earth, the earliest 
inhabitants of our planet who have left 
any indications of their affinity to our- 
selves carved rude implements of stone, 
horn, and bone. Almost as early as any 
marks of industry of this nature are the 
relics of a contemporary art. Man began 
to ornament, so far as we can tell, as soon 
as he began to work. With the lapse of 
time, the rude flakes of flint, or the ham- 
mers made of some hard stone, assumed 

reater elegance of form and delicacy of 

nish, During the period which has been 
termed the neolithic age of civilization, 
bronze first made its appearance. Late 
in the bronze period, and, comparatively 
speaking, late in the historic period, we 
are accustomed to place the discovery of 
iron, to locate it in Crete, and to attribute 
it to the Idean Dactyli. 
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Pliny, in his Natural History, says, “Of 
all metals the veins of iron are most 
abundant.” The metal is mentioned, 
under its Greek name sideron, by Thucy- 
dides, Euripides, and A¢schylus, as well 
as by Xenophon. The earliest note of the 
word occurs in the Book of Genesis (iv. 
22) where Tubal Cain is mentioned as the 
instructor of every artificer in brass (or 
rather bronze) and iron. The word here 
used, which is also translated iron where 
it occurs in the Book of Ezekiel, is barzal, 
which is derived from an Aramaic root 
meaning to pierce. Another word, pal- 
dah, cognate forms of which also occur in 


say, six thousand three hundred years 
ago. 

_ that earliest use—date it when 
we may—the art of the founder and of 
the smith has advanced, with enormous 
strides, to our own times. If we distin- 
guish the manufacture from the fabrica- 
tion of iron—that is to say, if we draw a 
line between metallurgy and smith’s work 
—there may be some reason for the opin- 
ion that, while the former is still in a state 
of rapid progress, the latter has passed its 
zenith. e are not dbout absolutely to 
insist on this point. Of the truth of the 
former position there can be no doubt. 





We must explain what leads us to enter- 
tain a suspicion as to the latter. 

The great mechanical characteristic of 
the present age is the substitution of steam 


Arabic and in Syriac, is used by the pro- | 
het Nahum (ii. 4), and is explained by | 
esenius to mean steel. It comes from a 


root meaning tocut. The Hebrew barzal | 


. 
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appears as parzal in the Book of Daniel. | 


It is difficult to identify either of these 
words with the Greek form, although that 
is originally allied to both the Latin /er- 
rum and the English fron. 
however, relieved from any doubt as to 
whether iron was known in the time of 
Moses, 3,400 years ago, by the discovery 
of a wedge or plate of iron embedded in 
the masonry of the Great Pyramid itself. 

This instructive relic, like the half-fuzed 
magnifying lens found at Pompeii, throws 
much light on questions of early work- 
manship. It has been a great puzzle to 
those who attributed the first use of iron 
to a date not much more than 2,900 years 
back, how such sharp and well-defined 
hieroglyphics could have been cut, by the 
ancient Egyptians, on porphyry, granite, 
and the hardest stone. It may, indeed, 
be the case that, when bronze was the 
ordinary material for tools, the copper- 
smith had some secret as to the produc- 
tion of a very hard temper, now lost. But 
this is at best only a guess. From the 
certain proof that iron had been produced 
and wrought in the age of King Cheops, 
5,400 years ago, we can better understand 
how the innumerable and exquisitely 
sunk symbols and figures were wrought 
on tombs, temples, and sarcophagi. And 
more than that, from the great similarity 
in the mode of treatment, that prevailed 
from the time of the Ptolemies back to 
the very earliest known Egyptian in- 
scriptions, we have something closely ap- 
——s a proof of the use of iron as far 
back as the fifth Egyptian dynasty, if not 
in the time of Menes himself; that is to 


We are, | 





power for manual labor. The signal for 
this enormous change—a change which, it 
is not too much to say, is tending entire- 
ly to revolutionize the relations of man- 
kind to the world on which they dwell— 
was given by the genius of Watt. Our 
own eyes have witnessed, our own hands 
have labored at, step after step, the 
mighty transformation. We can remem- 
ber when, on one occasion, on the com- 
pletion of a locomotive engine by Mr. 
Stephenson, steam was got up, and the 
machine, though well up to its duty on 
the rails, was unable to propel itself over 
the floor of the factory. The inference 
thence drawn, and not unnaturally, by 
the first engineers of the day was, that it 
was pure loss of time to turn attention to 
the propulsion of steam engines on the 
common roads. This was hardly a third 
of a century ago, and what do we now 
see? At almost every county bridge, in 
some districts, at least of England, a 
notice is affixed that the arch will not 
bear the weight of a traction engine, 
Who has not seen these uncouth giants 
tracking their heavy and resistless course 
over the country, training behind them 
wagons and quaintly-shaped machines for 
scarifying and torturing the face of the 
earth, with apparent indifference to their 
number or their weight. Two very sim- 
ple improvements have overcome the im- 
possibility imagined by Mr. Stephenson, 
One of these is the old mechanical method 
of reduction of speed by cog-work. The 
piston travels at the speed which best 
suits the evaporative power of the boiler, 
The driving-wheel revolves at the slow 
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ace fitted for progress over the road. 
‘This slow, irresistible progress is ren- 
dered possible by the great breadth of 
the wheels, and by the oblique grooving 
recently introduced on their circumfer- 
ence. 

What has been done in the locomotive, 
from the express engines of Mr. Brunel, 
able to take a train over the low gradi- 
ents of the Great Western Railway at 





pauldron and other devices, had lost its 
symmetry, attained the weight of a hun- 
dred pounds sem ; when we ob- 
serve the exquisite delicacy with which 
the Milanese armorers wrought the mail 
that was like steel gossamer, or the scale 
or folding plate that fitted the limbs like 
the carapace of a lobster—we may well 
be of opinion that few smiths of the nine- 
teenth century can hold a candle to their 


the rate of seventy miles an hour, to the | ancestors of the sixteenth. 


slow but mighty traction engines, and 
the selfmoving agricultural engines of 
to-day, is going on in every department 
of the work of the smith and the fitter. 
Machines, not indeed endowed with intel- 
ligence, but unerring in their discharge of 
duty, and themselves the offspring of 
the noblest mechanical intelligence, now 
-deal with iron almost as a swallow deals 
with mud. They forge, roll, hammer, 
plane, punch, and drill. They turn out 
hammered or pressed iron, untouched by 
the hammer of the smith, in every form; 
from the gun that weighs thirty-five tons 
to the hairspring of a watch. Hardly 
any tool can be named which is not pro- 
duced, or likely to be produced, more 


readily, accurately, and cheaply, by ma- 


chinery than by hand. But this great 
facility does not tend to improve the 
handiwork of the smith. 

If we contrast this state of things with 
that which prevailed three hundred years 
ago, we shall see that against all our gain 
—and we are among the iast to under- 
value it—we have to set off a certain loss. 
The highest skill displayed in the work 
of the smith was found in the craft of the 
armorer. To that craft a fatal blow was 
given by the tilting-lance of De Mont- 
gomeri, when, in curious coincidence with 
the prophecy of Nostradamus, it entered 
the helmet of Henry II. of France. Three 
influences thus proce’ Pra and led, within 
a couple of generations, to the disuse of 
armor, and thus to the extinction of the 
most skilful, workmanlike, and artistic em- 
ployment of the smith. These were the 
death of the King of France, which was 
too serious a matter to result without 
producing a powerful effect from the 
amusement of the tourney; the increas- 
ing excellence of gunpowder and guns, 
and the reign of a female Sovereign in 
England. hen we look at the armor 
of the time ; when we note that the tilting 
armor, which, by the introduction of the 





Connected with the extreme care that 
was given to the fabrication of defensive 
amor, was that bestowed upon offensive 
weapons. The fame of two descriptions 
of sword-blades has been established since 
the Middle Ages, and even since the cru- 
sades. One of these is the Toledo rapier, 
a long, straight sword, the undoubted 
excellence of which must, we believe, be 
chiefly attributed to the original quality 
of the ore employed by the makers. The 
other was the Damascus sabre, or scimi- 
tar, a curved blade, of such exquisite 
temper that, when handled by a master 
of that description of fence, it could cut 
in two with equal ease a floating scarf of 
gauze or silk, or the neck of a horse, or 
of his rider. The excellence of the Da- 
mascus blades we are disposed to attrib- 
ute rather to the skill and patience of the 
smith, or at least of the maker of the iron, 
than to the original quality of the metal. 
For it is to the repeated working up of 
scraps, and rusty scraps, of iron that the 
beautiful mottling of the Damascus blades 
is due. It seems to us not improbable 
that these numerous welds, none of which 
are so perfect as to have been obliterated 
under the hammer, act like the teeth of 
a very fine saw, and thus cut with a keen- 
ness unattainable by a more homogene- 
ous and smoother edge. It should, how- 
ever, be borne in mind that the difference 
between the iron produced from different 
ores is, in our present stage of metallurgic 
practice, extreme. There is an iron made 
in our North Midland counties which is 
so hard that it is almost impossible to 
break up old castings made of it. On 
the other hand, when the French wsines 
began to make rails, some twenty-one 
years ago, an English fitter, with a cold- 
chisel and a hammer, could cut one of 
them in two in less than a quarter of an 
hour. 

The earliest use of iron as an offensive 
weapon was probably in the form of ar- 
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row-head. Bright points of this nature, 
which are said to be a thousand years 
old, are preserved with great reverence 
in the museums of that wonderful coun- 
try, Japan. It is far from improbable 
that meteoric iron was, in the first in- 
stance, thus employed. At all events, 
the purity of the metal, and the care and 
patience with which it was wrought, were 
extreme. Among the antiquities of India 
is to be found an iron column so large 
and so perfect that we could not produce 
the like at the present time without the 
aid of steam machinery. 

After the demand for the highest class 
of smith’s work—that is to say, armor 
and offensive weapons intended to pierce 


gunpowder, the increased use of iron was 
made at the expense of the occupation of 
the smith. 

The points to which attention are now 
chiefly directed, with regard to iron, 
apart from the mischievous result of ill- 
regulated competition in producing, for 
the smallest price, the largest possible 
| quantity of inferior metal, are its reduc- 
tion from the ore without the interven- 
ition of manual labor; the chemical puri- 
| fication of the metal, and the removal of 
| those minute proportions of sulphur and 
| of phosphorus which destroy its tenacity; 
| and the production of steel or carbonized 
jiron by simple procedures. There is, 

perhaps, no instance in which mechanical 





armor—had ceased, the decorative taste |invention is removing a greater curse 
of Italy, of Germany, and even of our| from labor than in the case of puddling 
own country, was gratified by the pro-|iron. Those who have watched the pro- 
duction of much admirable ornamental | cess, or who have studied the beautiful 
iron work. Park and garden gates tasked | representations of furnace-work given by 
the skill and displayed the taste of the | the graceful pencil of Moritz Retsch, in his 
smith. The uniformity of a line of iron| illustrations to Schiller’s “Song of the 
palisades was agreeably broken by flour-| Bell,” are aware of the exhausting nature 
ishes and scrolls, each of which was/of the labor undergone by the puddler. 


stamped by a certain individuality. In| 
the South Kensington Museum are to, 
be found fine specimens of English) 
and Roman work of this nature. Much 
ironwork is now in rapid decay through- 
out the country, which it would be a 
good deed to rescue from destruction. 
We saw a beautiful specimen of this 
kind, not so very long ago, on a perron | 
in the High street of Rochester. In| 
other places the intelligent care of the 
proprietors, and the renewal of painting 
and of gilding, has kept the ironwork of 
the seventeenth century as fresh as that 
of to-day. Such are the goodly scrolls 
and flourishes that adorn the Town Hall 
of Guilford, and decorate its great pro- 
jecting clock, erected in 1681. 

To the demand for this bold, perma- 
nent, and manly kind of ornamentation a 
fatal blow was given by the increasing 
skill of the moulder and of the caster. 
The heavy railings recently removed 
from the west end of St. Paul’s Church- 
yard were among the first, if not the 
very first, in which cast was substituted 
for wrought iron. It is said that the en- 
terprising contractor made much money 
by his ingenuity in this respect. Econo- 
my soon prescribed laws of retrenchment 


It is, we think, the hardest labor now 
performed by man. As involving a cer- 
tain amount of experienced judgment, it 
is of a higher grade than that of the 
brick-moulder; but the suffering it in- 
volves from heat is far keener than that 
inflicted, in the latter case, by cold and 
damp. For dirt they are about on a par. 
It is always the case that those occupa- 
tions which, from their danger or their 
hardship, command extra wages, have a 
demoralizing effect on the workman, At 
the same time, just in proportion to 
the danger, especially if there be any risk 
of life, is it found that any attempt at in- 
troducing an easier process is steadily and 
fiercely opposed by those who think that 
they have acquired a vested interest in 
their craft. The manufacturers of iron 
are, to a great extent, at the mercy of the 
puddlers; and the chief gainers by the 
high wages which this arduous work 
rightfully earns are, no doubt, the brew- 
ers. It is, therefore, in the interests of 
morality, of public health, and of the ele- 
vation of the workman in the social scale, 
no less than in that of the manufacturer 
and of the purchaser of iron, a source of 
great satisfaction to find that the experi- 
ments recently made on the mechanical 





as to ornamental ironwork; and here 


| puddling of iron have been so satisfac- 


again, as in the case of the invention of| tory, that it seems now to be only a ques- 


Vor. XIL—No. 2—10 











146 


VAN NOSTRAND’S ENGINEERING MAGAZINE. 





tion of time as to the entire disuse of the 
hand-puddling process. 

Anything which tends to make manu- 
factured iron at once cheaper and better 
is a boon to the smith. It is the bad 
quality of common iron, rather than any 
inherent defect in the metal, which ren- 
ders the architect often averse to the 
employment of smith’s work, when noth- 
ing else is so truly appropriate. We 
must conclude that what renders one 
sample of iron less tenacious than another 
is some chemical impurity in the metal, 
which it is within the power of perfectly 
instructed metallurgical skill to remove. 
These admixtures are often extremely 


small, if measured by any test but that of 


the depreciation of the quality of the 
iron, Measured by that test, their pres- 
ence assumes extreme importance. Mr. 
Kircaldy, by his numerous experiments, 
has added no smal] amount of positive 
knowledge to that which we possessed 
before on the actual resistance of various 
makes of iron, both to tension and to 
compression, In his “Experiments on 
Wrought Iron and Steel,” we find the 
breaking-weights of iron bars to range 


from 160,520 pounds per square inch of 
fractured area in the Swedish R. F. char- 
coal iron, to 63,883 pounds per square inch 
of fractured area in Russian C. C. H. D. 
iron, a difference not far short of three to 
one. In iron agg. looking at domestic 


production only, the breaking-weight per 

uare inch of fractured area ranges from 
92,468 pounds in Yorkshire plate to 43,460 
in common Scotch ship-plate. This is 
more than two to one in favor of the 
Yorkshire iron. It is also a very sug- 
gestive comparison with reference to naval 
security. 

An uncomfortable suspicion pervades 
the public mind—and even professional 
men are not altogether free from its in- 
fluence — that, under some unexplained 
circumstances, the texture, or molecular 
arrangement of iron used in buildings or 
in machinery, undergoes a mysterious 
change. Fractures of axles or of tyres 
in railway collisions are the phenomena 
which have been chiefly cited as. requiring 
this very alarming explanation. Many 
writers have ridiculed the idea; but ridi- 
cule is an unsatisfactory substitute for 





scientific analysis. It has, however, been 
pointed out that “the two different ap- 
pearances, respectively known by the 
terms ‘a fibrous fracture’ and a ‘ crystal- 
line fracture,’ are produced by the iron 
breaking gradually in the one case, and 
suddenly in the other. Hence, when the 
appearance presented was fibrous, it only 
proved that the piece had been torn asun- 
der; when it was crystalline, that it had 
snapped.” This view, which is not a 
matter of theory, but the outcome of ex- 
periment, fully explains all the phenom- 
ena of fracture which have led to the idea 
of some unexplained structural change. It 
is of the first importance, to the architect 
as well as to the engineer, that the facts 
should be known. An unexplained, mys- 
terious danger, such as would be that of 
such a molecular change, if it could pos- 
sibly occur without ascertainable cause, 
is more to be dreaded than any of those 
casualties which it is within the power of 
competent science, backed by competent 
care, almost absolutely to preclude. 

By immersing specimens of iron in dilute 
hydrochloric or muriatic acid, the foreign 
impurities are removed, and the texture 
of the metallic portion is exposed to ex- 
amination. Long immersion in water— 
or at least in some water—has the same 
effect, as we have witnessed in the bolts 
of a sunken vessel that had been for some 
fifty years exposed to the alternate action 
of fresh and salt water in the river Seine. 
Thus treated, puddled iron, rolled or 
wrought iron in its lowest state, as in 
Scotch and Welsh puddled bars, presents 
a woolly appearance. In iron of a supe- 
rior quality the appearance presented is 
that of very fine threads or hairs, lying 
closely together. This is remarkable in 
Farnley or Bowling iron, as also in Rus- 
sian bar. Swedish tilted bars present, 
even to the naked eye, a beautiful silve 
variegated appearance. Of the beautiful 
Styrian iron, which is so highly prized in 
Italy, and which was probably employed 
by the famous armorers of Milan, we 
regret that we have found no analysis or 
definite scientific description. It is most 
evident—to use a mode of expression that 
has recently come into favor—that there 
is iron and iron, no less than that there are 
smiths, and that there have been smiths, 
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LONG RAILWAY RUNS. 


From ‘‘The Engineer.” 


Ir is a well understood proposition, 
and one generally accepted as true, that 
nothing operates more effectually to 
increase the time spent in accomplishing 
a given journey by rail than working 
trains on the short-run system; and it is 
also true that so-called fast trains which 
stop frequently are the most expensive 
that it is possible to use. The reason 
for this last fact is obvious. Not only 
is much fuel wasted in doing work which 
isafterwards undone by the brakes ina 
way which we have already fully ex- 
plamed when dealing with the rolling 
stock of the Metropolitan Railway, but 
the speed of the train when running 
must of necessity be very high in order 
that the train may, in any sense, fulfil 
the condition of being “fast.” But 
high speeds represent a great consump- 
tion of fuel, and augmented wear and tear 
of engines, carriages, and road; and it 
will be found, as a result, that very few 
fast stopping trains are run by railway 
companies who understand in what true 
economy consists. Trains which stop at 
many stations in close proximity are es- 
sentially slow, no attempt being made 
to travel at a high velocity between the 
stations; and those who require convey- 
ance over long distances select trains the 
average velocity of which, measured by 
the mile, is not very high—continuous 
running without a break getting the 
train over the ground in excellent time. 
As an example of the latter class of train 
we may take the Scotch mail on the 
Great Northern. This train accom- 
plishes the whole distance between Lon- 
don and Edinburgh—aboui 400 miles—in 
nine hours and thirty minutes, the aver- 
age speed being about forty-two miles 
anhour. It would be necessary to run 
this train at an enormously higher velo- 
city if the stops were more numerous, 
As it is, we believe we are correct in 
stating that on no other line in the king- 
dom is a train to be found which 


ets 
over a greater distance in nine oa a- 
halfhours. It is true that on the Great 
Western trains are run which accomplish 
200 miles in about four hours and twenty 
Minutes; but a run of 400 miles is not 





made on any line, save the Great North- 
ern, in much less than ten hours, Long 
runs require very good engines and ex- 
cellent rolling stock; but these being 
given, long runs are decidedly conducive 
to economy, and there is no reason why 
they should not be more freely adopted 
than is now the case on many important 
lines, and on all such lines the principle 
apparently might be extended with ad- 
vantage. For example, there is appar- 
ently no good reason why the run from 
London to Liverpool, via Runcorn, 
should not be accomplished without a 
stop, or at all events with but one stop, 
and in say four hours, the distance be- 
ing, as nearly as may be, 200 miles. The 
road could not easily be made much 
better than it is, but the existing carri- 
ages would, for obvious reasons con- 
nected with the comfort of the public, 
not be suitable for such runs, and some- 
thing in the nature of Pullman cars 
would be essential; at all events, free cir- 
culation through the train would be re- 
quired. But this presents no difficulty. 
It is perhaps open to doubt whether a 
locomotive could be constructed which 
might be relied on to accomplish a jour- 
ney of 200 miles in four hours without 
stopping, and the work would no doubt 
be exhausting to both driver and stoker. 
We have already expressed our opinion 
concerning the locomotives required for 
such work in a former impression, and 
we shall not further refer to the matter 
now, except to say that we believe it to 


-be quite possible to construct engines 


which would be perfectly reliable, al- 
though they would, in some important 
matters of detail, differ from ordinary 
locomotives. The great difficulty to be 
contended with in working trains on such 
a long run as that under consideration 
lies in providing water enough. This 
would not stand in the way of the Lon- 
don and North-Western Company, who 
may use Ramsbottom’s tanks, of which 
they have at present the monopoly. But 
it would be otherwise with the remain- 
ing English companies, who, precluded 
from using Ramsbottom’s system, would 
be compelled to resort either to the use 
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of tenders of unprecedented dimensions, 
or to some other device for filling up their 
tanks. There are grave objections to the 
use of large tenders, which would proba- 
bly neutralize all the advantage to be 
ained from long continuous runs, but it 
is by no means certain that Ramsbot- 
tom’s is the only arrangement by which 
a tender while in rapid motion can be 
replenished with water. 
he idea of working trains between 
London and Liverpool direct resulted in 
nothing, although at one time it was 
stated, with some show of authority, that 
the directors were actually providing the 
requisite rolling stock, and on the Mid- 
land Railway trains no longer run with- 
out astop to Leicester—a fact in some 
measure accounted for by the difficulty 


met with in providing water without the | 
It may, | 


aid of the Ramsbottom trough. 
from these circumstances, be argued that 
the long-run system is already fully de- 
veloped ; but this we dispute. We have 
very little doubt that, on the contrary, 
as great towns such as Liverpool increase 


twenty minutes for dinner; the next 
stage is to Philadelphia, 105 miles. The 
train stops here for five minutes, and then 
proceeds across New Jersey for 90 miles 
to New York. Nothing at all compara- 
ble to this work has ever before been 
done on a railway except once or twice 
by special trains under exceptional cir- 
cumstances, The run of 132 miles is no 
doubt a wonderful feat, and redounds 
not a little to the credit of American en 
gineers. The entire line, we may state, 
is laid with 60-lb. steel rails, laid on oak 
sleepers and thoroughly well fished, the 
track being admirably ballasted. The 
train is made up of Pullman cars of the 
most luxurious description, and fitted 
throughout with the Westinghouse brake; 
the engines are supplied with water when 
running on Ramsbottom’s system, and 
no pains appear to have been spared by 
|the company to provide for the safety 
and comfort of the public. 

| As regards the velocity of this train, 
|we learn from the published time-table 
'that the train leaves Pittsburgh at 7.25 





in size, it will become almost essential to | a.m. and reaches New York at 9.30 p.m. 
establish a railway service between them | Deducting half an hour for stopping, we 
and the metropolis so rapid and so heavy | have as the total running time 14 hours 
that it can only be dealt with by trains |5 minutes, or say an average velocity of 
running directly from city to city with-|31.7 miles an hour. Not a high speed 
out a stop. If, for example, Liverpool|certainly, but in no other part of the 
can provide a sufficient number of pas- | world is it easy, we believe, to accom- 
sengers to London at any given hour in| plish a distance so great in the given 
the twenty-four to fairly fiil a train of| number of hours. The first run of 117 
say twelve coaches, it will be worth/ miles is performed in four hours, or at 
while to run that train through to Lon-| the rate of 29.25 miles an hour; the next 
don without a stop; and we feel certain | run of 132 miles is done in four hours, or 
that, if such a through train, properly | at the rate of 33 miles an hour; the dis- 
constructed, were put on to-morrow,|tance from Harrisburg to Philadelphia, 
making the run say in four and a-half}105 miles, is run in three hours fiiteen 
hours, it would not only be the most! minutes, or at the rate of say 32.3 miles 
popular train on the road, but also the} per hour; the final 90 miles across New 
train worked most economically. How-| Jersey being accomplished in two hours 
ever opinions may differ in this country | and fifty minutes, or about 32.1 miles an 
as to the value of the long-run system, it| hour. We take it for granted that no 
is certain that our friends in the United | great difficulty would be encountered in 
States are determined to give the system | running the train at a higher speed, and 
a fair trial. Since the 1st of June the| performing the whole distance say in 
Pennsylvania Railroad Company have|ten hours instead of fourteen if it were 
commenced working long-run trains be-| worth while. As the facts stand, how- 
tween Pittsburgh, Philadelphia, and | ever, they prove that in America work is 
New York. The distance is 444 miles, | being done which deserves to be imitated 
and the train stops on the road but three | in the old country, and its importance in 
times : at Altoona for five minutes, after | a new and thinly populated country like 
a continuous run of 117 miles from Pitts- | the United States cannot easily be over- 
burgh ; then comes a run of 132 miles to| estimated. We have no doubt that the 
Harrisburg, where the train stops for! possibility of running a locomotive con- 
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tinually and regularly for a distance of 


132 miles will only give an additional 
stimulus to our American friends; and 
so, if we do not mind what we are about, 
we shall have some enterprising Yankee 
coming among us and bringing with him 
his own engines and cars, and running 
regularly from London to Liverpool in 


four hours, while we are debating whether 


it is possible to design an engine which 


ean run for four hours without stopping 
and withouta breakdown. Not the least 
remarkable feature in the working of the 
train to which we have referred is the 
circumstance that the engines make con- 
tinuous runs of four hours without heat- 
ing or getting the tubes so choked up 
that they cannot keep steam. We com- 
mend.the facts to the attention of our 
railway men. 





NOTES ON THE SUBSTITUTION OF STEEL RAILS FOR THOSE 
OF IRON IN THE CONSTRUCTION OF RAILWAYS. 
BY M. DESPRET 
(Read before the Brussels section of the Association of Eugineers.) 


From * The Review of Mining.” 


Tue writer of this paper proposes to 
answer the two following questions : 

First.— Under what circumstances is it 
advantageous to make use of steel rails 
instead of those of iron ? 

Second.—Jn what manner should steel 
rails be employed ? 

In order to answer the first question, 
M. Despret is of opinion that several 
matters should be taken into account. 

In the first place, the causes which in- 
fluence the durability of iron rails. 

Next, the cost of periodically relaying 
the rails. 

Next, security in the passage of the 
trains. 

And lastly, the modifications which 
may eventually be introduced into the 
form of rail now in use. 

M. Despret commences by passing un- 
der review the causes which influence the 
durability of rails. These causes may be 


Peden are composed of different layers 


imperfectly welded together. 

With respect to their quality, steel 
| rails give greater guarantee of stability 
than those of iron; the quality of the 
|latter being excessively variable, while 
that of the former is much more uniform, 

The steel rail should, then, endure far 
{longer than the iron rail, Opinions are, 


| however, much divided as to the relative 


|durability of the two, some engineers 
| maintaining that the steel rails will last 
‘only twice as long as those of iron, while 
| others assert that ten times is the correct 
| proportion. 

| M. Despret brings to this subject the 
‘result of experiments which he has made 
/on a portion of permanent way witha 
gradient of 18 to 20 millimetres per me- 
}tre (1 in 50 to 1 in 55.) Iron rails of 
excellent quality, laid on this gradient, 
| have lasted three years, with a wear of 10 


classed under two heads: those which! millimetres (0.393 inch) ; while steel rails, 


are inherent in the rail itself, and depend 
on its quality and the material it is com- 
posed of; and those which, although un- 
connected with the rail itself, depend on 
the action of the wheel-tyres upon the 
rail. 

As regards their material, rails may be 
made of either iron or steel, but the latter 
offer a much greater resistance than those 
ofiron to the strain caused by the pass- 
ing of the trains. This superiority con- 
sists not only in their chemical, but also 
in their physical composition—steel rails 
being perfectly homogeneous, while those 


which were laid on the same gradient 
four years ago, have undergone, after 
these four years of service, a wear of only 
4 mil. (0.1572 inch), the table preserving, 
jat the same time, a perfectly regular 
form. If these steel rails continue to 
wear in only the same proportion, they 
will last three times as long as those of 
iron. 

M. Despret remarks, that in comparing 
the relative durability of stéel and iron 
rails, account should be taken of any im- 
provements which may be introduced 





into the manufacture of iron rails. Among 
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these improvements, he especially men- 
tions that which would result from the 
use of the Danks furnace for puddling, 
thus allowing of the manufacture of iron 
rails, the homogeneity of which would ap- 
proach that of steel rails. 

Passing on to the action of the tyres 
on the rails, M. Despret remarks that this 
action is more or less intense, and that its 
intensity depends— 

Upon the traffic ; 

Upon the load on the wheels; 

Upon the speed of the trains; 

Upon the section of the line ; 

Upon the laying of the permanent way ; 

And lastly, upon the state of mainte- 
nance of the tyres. ' 

M. Despret analyzes the action on the 
durability of the rails of each one of these 
causes, dwelling especially on those which 
exert the greatest influence on this dura- 
bility. 

The wear of rails is in proportion to 
the traffic—that is to say, to the number 
of trains passing over the line. It would 
be very interesting to know how many 
trains could pass over a rail before it be- 
came unfit for service, while taking into 
account any other circumstance, inde- 


pendent of the traffic, which might influ- 


ence the durability of this rail. Experi- 
ments made by the Lyons Railway Com- 
pany have furnished these: data, in the 
case of iron rails laid down where exte- 
rior causes of deterioration can only exer- 
cise a secondary influence. The result 


of these experiments is, that an iron rail | 


of good quality, laid under these condi- 


tions, can endure, before being rendered | 


unfit for use, the passing of 5,000 trains ; 
that is to say, for a traffic of 8,500 trains 
per annum, on a line of way—which cor- 
responds very nearly to 23 trains a day 
—the rails of this way, if rolled of iron 
of good quality, should last 10 years, 

he load on the wheels exerts a more 
or less destructive action on the rails, in 
direct proportion to the amount of this 
load. 


M. Despret, remarking that under or- | 


dinary conditions, a mean load of 12 to 
13 tons per axle was usually admitted, 


gave it as his opinion, that on account of 


the insufficient stabiliiy of the permanent 
way, it is advisable not to increase this 
load on a single pair of wheels, and espe- 
cially not to reduce the wheel base. 

The section of the line has great influ- 








ence on the durability of the rails. When 
the gradients are sufficiently steep for the 
force of gravitation to exceed the inertia 
of the trains, it becomes necessary, in 
order to moderate their speed in descend- 
ing gradients, to bring the brakes to 
bear, which cause considerable deteriora- 
tion to the rails. 

The rails laid on curves also suffer 
damage to a greater extent than those 
laid on straight portions, and their dete- 
rioration from this cause is greater as the 
radius of the curves is less. 

On certain portions of the line, inde- 
pendently of all other equal conditions of 
wear, the rails are subjected to excep- 
tional strain ; these portions are near sta- 
tions, at stations themselves, where fre- 
quent shunting takes place—in fact, wher- 
ever it is necessary to apply the brakes 
frequently. 

After thus analyzing the causes which 
influence the durability of rails, M. Des- 
pret points out the effect which they pro- 
duce. Those causes which are not inhe- 
rent in the rail itself produce more im- 
portant deteriorations in proportion as a 


|greater number of them act at the same 


time, and also as the action of each of 
them is more intense. Though these 
causes seldom act all together, they never 
act singly, and the effect which they pro- 
duce upon the rails will be greater or 
less according to the degree of intensity 
of the causes which operate at the same 
time. On the other hand, these effects 
will be different according as the rails are 
of iron or steel, and also in proportion to 
their quality. 

The second subject to be considered, 
in order to solve the first question, is the 
expense resulting from the periodical re- 
newing of the rails. 

This expense ts represented by the dif- 
ference in value between the new and the 
worn-out rails in addition to the labor 
required for relaying. In order to com- 
pare the expense due to the periodical 
renewing of the iron rails with that of the 
steel rails, the durability of each, and 
also the interest on capital expended in 
their purchase, must be taken into ac- 
count. <A table might therefore be pre- 
pared, showing the expense per annum 
incurred by the renewal of the line with 
iron as against steel rails, corresponding 
to the different periods of the duration of 
each, 
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It appears from a table prepared with 
this object, that, in order to preserve the 
same annual expense, the steel rails should 
last at least twice as long as those of iron. 

A third subject which should be taken 
into account is security to the traffic. In 
connection with this point, M. Despret 
remarks, that in certain portions of the 
line, accidents which are due to the rails 
are always of a serious character, as for 
instance, in tunnels, on high embank- 
ments, and on viaducts. In these por- 
tions of the line nothing should be neg- 
lected to ensure the stability of the per- 
manent way, including the use of rails 
which afford the greatest safeguard. 

Lastly, account should be taken of the 
modifications which may be eventually 
introduced into the form of rail at pres- 
ent in use. 

With reference to this subject, M. Des- 
pret calls to mind the numerous experi- 
ments that are made to improve the per- 





tions of the line where iron rails can only 
be expected to last ten years, that is to 
i fee 

In all lines where there is a greater 
traffic than 8,500 trains per annum. 

In all gradients greater than 10 milli- 
metres per metre (1 in 100), descending 
in the direction the trains run. 

In curves the radius of which is less 
than 500 metres (nearly 25 chains). 

In the proximity of stations, where 
the speed of trains must be slackened. 

In stations, and in those portions of 
the way where shunting takes place, or 
where the brakes are frequently applied. 

In order to enable the import of these 
conclusions to be realized more readily, 
M, Despret applies them to the Luxem- 
bourg line. 

When this railway had only a single 
line of way, there was reason to make 
use of steel rails over its whole extent, 
because more than 8,500 trains passed 


manent way. Among the systems tried, | yearly over this single line of way. 


there are some in which the present form 
of the rail is completely altered. Even 
if the present section be, retained, the 
question may reasonably be asked, wheth- 


| 
| 


When the way was made double, how- 
ever, the conditions as to the use of steel 
rails were altered. As the number of 
trains on each pair of rails became only 


er it will not ultimately become necessary | half what it was before, the traffic was 
to increase the area of the section, in or-| not such as would justify the employment 
der to present a greater resistance to|of steel rails; but other circumstances, 
the load that may be brought to bear|under which their use was warranted, 


upon it. 

In prospect, therefore, of future modi- 
fications, the present section of the rail 
must not be calculated for a too long du- 
ration. In fact, inasmuch as the use of 


| might be taken into consideration, and 


especially the inclination of the gradients. 
Thus, in the portion of the line traversed 
by trains going from Brussels to Arlon, 


| steel rails should be laid on all gradients 


steel rails only becomes economical under | steeper than 10 millimetres per metre 


the condition that they last at least twice 
as long as those of iron, it might happen 
that the steel rails would have to be 
taken up before they had rendered all the 
service that might be expected of them 
to make their use economical. 

What period, then, would it be advis- 
able to set to their duration? M. Des- 
pret is of opinion that it should not ex- 
ceed twenty years. 

After having passed in review the dif- 
ferent matters which it is necessary to 
take into account in order to answer his 
first question, M. Despret gives the an- 
swer in the following terms : 

In the first place, steel rails should be 
universally employed where the safety of 
the train is at stake; as in tunnels, on vi- 
aluets, or on high embankments. Steel 
rails should also be employed on all por- 





(1 in 100), descending towards Arlon, 
and, inversely, on all portions of the up 
line of the same descending gradient 
traversed by the trains going from Arlon 
towards Brussels. 

M. Despret next takes into considera- 
tion his second question, which is in the 
following terms : 


How should steel rails be employed ? 
Up to the present time, the managers 


| of railways who have made use of steel 
|rails, have confined themselves to the 


change of substance and not of form of 
their rails. 
A French company, that of the North- 


‘ern Railway, have looked at the matter 


in a different light. Starting from this 
fact, that steel rails are much stronger 
than those of iron, this company has 
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adopted a steel rail instead of one of iron, 
but has reduced the section from 37 kil. 
(814 Ibs.) to 30 kil. (66 lbs.) per lineal 
metre (1.093 yard). 


M. Despret read several passages from | 


a report published by the Northern Com- 
pany, in support of the system which it 

as adopted. After enumerating the ad- 
vantages possessed by steel rails over 
those of iron, the report says: 


“ The advantage of the substitution of | 


steel rails for those of iron is then evi- 


dent, if the first cost be not considered | 


an objection ; now, in actual practice, by 
taking advantage of the difference in the 
strength of the two materials, the rails 
may be reduced to 30 kil. per lineal me- 
tre, still leaving them of superior strength 
to the iron rails which they replace. 


laying will be much more economical than 
those of iron rails.” 

M. Despret differs with the report as 
regards the saving consequent on the 
adoption of the steel rail of 30 kil., inas- 
much as the result at which the North- 


ern Company has arrived is founded on | 


a difference of only 70 fr. (£2 16s.) per 
ton for the steel rails, whereas the differ- 
enc*, at least in Belgium, is much greater. 

However that may be, by applying the 
prices current in Belgium to the laying 
of a line with steel rails of 30 kil., as 
against iron rails of 37 kil., M. Despret 


By | 
these means, not only will the excess of | 
first cost be reduced, but also the cost of 


took place in 1864, at a meeting of the 
Societe des Ingenieurs Civils de France, 
on the occasion of the publication of a 
treatise by M. Eugene Flachat, on the 
wear and the relaying of rails. 

In this treatise, M. Flachat maintained 
that the iron rails of 37 kil. were found 
|to be of insufficient strength, and that it 
had become necessary to increase their 
|section. All the engineers of the great 
French companies took part in the dis- 
cussion, and they all declared that, in 
their opinion, the iron rail of 37 kil. was 
sufficiently strong, provided that it was 
of good quality. 
| But M. Despret remarks that the con- 
ditions of the traffic are not the same as 
they were ten years ago. Heavy engines, 
with a large number of axles and short 
wheel base, which cause considerable 
|strain to the permanent way, were in 
| 1864 only the exception ; now their use is 
| becoming day by day more extended, and 
| it may even be reasonably asked whether 
|the power of these engines will not be 
still further increased, so as to increase at 
| the same time the load on the wheels. 

Under these circumstances, there is 
| great reason to fear that the iron rail of 
| 37 kil. will not be sufficiently strong, and 
| therefore there may well be hesitation in 
| adopting a reduced section for the steel rail. 

Notwithstanding this, M. Despret con- 
'siders that the Northern Company have 
reason for the decision arrived at by them. 


| 





finds the cost of the way with the former | On a system like that of this company, 
rails is not much greater than the con-| there is not the same strain on all por- 
struction with iron rails of 37 kil. |tions of the line; and by adopting the 
In the adoption of steel rails, then, there | steel rail of 30 kil., the Northern Com- 
is a choice between two modes of action; | pany can immediately work up again the 
in the one the section of the old iron rail | steel rails on those portions of their way 
is preserved in the new steel rail, and in| liable to the greatest strains, without in- 
the other this section is reduced. curring any very great loss. If, in future, 
To the question, Which of these two these rails of 30 kil. should be found of 
systems should be followed? M. Despret | insufficient strength, they can be replaced 
declares himself at a loss to give a de-| by those of greater section, and still uti- 
cided answer. lized on the portions of the line where 
If the iron rail of 37 kil , in general use | the traffic is lighter. 
at the present day, was found to be of | M. Despret remarks, in conclusion, that 
insufficient strength, there would be no/|the results of his investigation lead him 
hesitation in taking advantage of the in-| to consider, that although the question 
creased strength of the steel, by giving | of the substitution of steel rails for those 
to the rails manufactured from this metal | of iron may now be settled in principle, 
the same section as the iron rails of 37 kil. | it is far from being settled in all its de- 
Now, the question is, whether this iron | tails, and that because a sufficient amount 
rail of 37 kil. is of insufficient strength or | of experience, which requires a lapse of 
not. | time, has not yet been acquired to deter- 
With regard to this subject, M. Despret | mine precisely all the conditions respect- 
recalls a very interesting discussion which ing the employment of steel rails. 
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ST. 


From “ The Building News.” 


NeEaRty thirty years ago a number of | 


French engineers persuaded the ruling 
prince of Egypt that he might bestow 
inestimable benefits upon the country, 
besides creating for himself an imperish- 
able renown, by undertaking to construct 
a barrage, or dyke of prodigious dimen- 
sions, in combination with a system of 
canals, which should reclaim from sand 
and salt marsh the richest of the Egyp- 
tian lands that had lain uncultivated for 
centuries, The history of this project, 
now that it has been illustrated by the re- 
cent inundations, and now that, accord- 
ing to the last authentic intelligence, it 
has come to a close, through the works 
having proved useless in a double sense, 
is worth remembering. They were in- 
tended to provide water where there was 
none, and to regulate its overflow when 
there was too much; and they accom- 
plished neither purpose. The able but 


imperious Pasha Mohammed Ali, infatu- 
ated ly some professional men from Paris, 


conceived the idea of superseding all na 
tural and traditional provisions or artifi- 
ces for the irrigation of the soil by erect- 
ing a stupendous dam, connected with a 
labyrinth of channels, which should at 
once restrain and distribute the annual 
flood. To this end he almost stopped the 
navigation, paraded his plans on Parisian 
mips, set an array of half-starved peas- 
ants to labor upon mounds of earth and 
aqueducts of masonry, and expended 
upon engines and engineers, both French, 
an incalculable amount of money. The 
promoters tovk a pride in attributing so 
grand a scheme to the First Napoleon; 
but a quarter of a century after the bar- 
rage of Mohammed Ali was begun, it was 
in the same condition as another, con- 
structed six hundred years before, which 
the Nile, at its first extraordinary rise, 
overthrew. It is well known that the 
Nile, approaching the sea, divides into 
two branches—the Damietta and the Ro- 
setta. It was here that the projectors 
thought to store up the waters which had 
come down from the upper regions, by 
throwing dams across both channels; yet, 
after an incredible waste of toil and trea- 
sure, their work remains a ruin, never to 





be repaired. No doubt its originators 
had an amount of reason in their hope, 
which was, however, too daring for ful- 
filment through any means at their com- 
mand, though a generation which has wit- 
nessed the completion of the Mont Cenis 
tunnel and the Suez canal might possibly 
not shrink from reviving this ambitious 
scheme were it founded on a more practi- 
cal basis. For, as it has been plainly de- 
scribed by the French engineers, the object 
was to hold up the waters of the Nile, 
during the eight months of ebb, so as to 
maintain them at the level of the soil and 
supply Lower Egypt during that period 
with the same amount of water as the 
period of the yearly inundation, it being 
estimated that the enormous expense of 
the work itself and the new system of 
canalization it would necessitate would 
be more than compensated for by a vast 
increase of cultivable land in the Delta, 
or space between the two arms of the 
Nile, and the setting free of innumera- 
ble hands from raising water for pur- 
poses of tillage. The conception was 
worthy, perhaps, of old Egypt ; unhappi- 
ly, the attempt at its execution, since the 
first stone was laid by Mohammed Ali in 
1847, has been incommensurate. The 
foundations of a double bridge were 
raised, spanning the ample stream, with 
its deep, soft, muddy, and changeable 
bed—an experiment such as that of dam- 
ming the Thames at Greenwich, with a 
full tide running and no bottom to hold 
by. The engineers got on famously at 
first; they threw up a series of light and 
lofty arches ; they created an imposing 
architectural facade, turreted with ad- 
mirable effect above each of the sluice- 
gates, and towered in the centre aud at 
the corners. Nothing could be more 
majestic than the general aspect of the 
barrage as it promised to approach com- 
pletion, and nothing more apparently 
practical than the apparatus of sluices, 
with their double cones of hollow iron, 
working, as Dr. Russell says, on radii of 
rods fixed to a central axis on each side 
of the gate. These cones increased in di- 
mensions from the bottom to the top, the 
lower filling with water as they descend- 
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ed into their beds of masonry. It was 
never proposed to keep them shut all at 
one time, because the pressure of the 
Nile, rolling from its remote fountains, 
would in that case have probably swept 
the entire elaboration away; but even 
then it was found that these ramparts 
raised against nature vainly struggled 
with it. The locks, with their terraced 
quays, speedily exhibited signs of dis- 
lodgment from their sites ; the archways 
burst ; the canal-ways were gorged; the 
neighboring dams of earth availed noth- 
ing; and what is left of the barrage at 
this day attests a colossal scientific fail- 
ure, the results, such as they continue to 
be, proving mischievous rather than be- 
neficent to the country, not one shilling 
having been returned to the Viceregal 
treasury of the millions upon millions 
sterling that were sunk. It was so for- 
merly in India, where a French engineer 
was not less essential at every native 
court than a French colonel of cavalry. 
This is said without disparaging in the 





an artificial foundation was sought, 
though never found. The engineers at 
Fureus had a rock to build upon ; those of 
the Nilotic Delta never found their way, 
properly speaking, through the quick- 
sands or the mud, Little wonder, then, 
that the last vestiges of their labors are 
vanishing. Mr. Aymard, in his book on 
Irrigation in Spain, gives a history of the 
barrage at Puentes, which cost an aston- 
ishing sum, and which gave way at the 
base in 1802, the architect having con- 
ceived the notion of founding it upon 
piles in an alluvial soil, instead of going 
down to the solid rock at any sacrifice. 
Remarks of a similar kind have been ap- 
plied by the highest authorities to most 
of the dykes of this complex kind, com- 
posed of bridge, dam, and tunnel at 
once, in Europe, and they apply with ten- 
fold force to the magnificent “ Folly” 
of Mohammed Ali and his Parisian en- 
gineers in Egypt. As a last resource, 
the reigning Viceroy and his predecessor 
thought it practicable to recover from 


slightest degree the science of France;|the ruins of the French barrage some 
it points rather to the pseudo-science of| aids towards the construction of a new 
adventurers, half political and half finan-| one by English engineers; but the ad- 
cial—for nothing could be more absurd | vice given them, and to the former, espe- 
than any depreciation of foreign engi-|cially since the late disastrous inunda- 
neers in these respects. A peculiar genius, | tions, has been to get rid of the obstruc- 
however, belongs to every nation, con-| tion altogether. Nothing less than the 
sequent, in a great measure upon the| dimensions and solidity of a breakwater 
necessities which create habits. Thus| would curb, in redundant seasons, the 


neither the English nor tlie French have | fall and flow of the Nile, carrying with 


any monuments to display equal, or even 
similar, to the sea-dykes of West Cappel, 
the Helder, and the Isle of Walcheren, in 
Holland; they do not require them, 
though the requirements of coast-rail- 
ways are often formidable enough. And 
yet the great dam of the river Fureus, 
St. Etienne, France, is a trophy of enter- 
prise and skill, though not upon any gi- 
gantic scale; it secures an immense body 
of water in permanent reservoirs; it 
guards against all danger of overflow ; it 
has needed scarcely any reparation dur- 
ing the last twelve years; and it has 
withstood the shock of a waterspout his- 
torically calamitous. There is a barrage 
too, in Spain, fifty yards high, and two 
hundred years old, but curvilinear in 
form, whereas all the French barrages 
are straight ; but both differ in many es- 
sential particulars from the Egyptian, in 


which more masonry is employed, more | 
| ference may be made to some vast works 


sluices are capable of being opened, and 





it, as it does, the impetus of thousands of 
miles, gathered from elevated sources, 
and only moderately diminished in its 
progress through the lakes and down the 
endless valley. 

Even in constructing the Suez Canal, 
the French engineers discovered many 
difficulties and perils upon which they 
had not originally calculated, and pecu- 
liarly so in the case of the necessary em- 
bankments; but what was the scientific- 
ally-arranged meeting of two seas in com- 
parison with the perpetual downpour of 
a river so fluctuating, and yet so volumi- 
nous and incessant as the Nile? It was 
not as a protection against the waves and 
winds of the Mediterranean alone that 
the Cyclopian breakwater of Alexandria 
was designed, but also against the turmoil 
of the waters caused by the irregular 
rushing of the great Egyptian stream. As 
an illustration of the meaning implied, re- 
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undertaken, not long ago, on the Danube. 
In the recommendatory report, it was 
suggested that the current should be, in 
some measure, controlled; but the ulti- 
mate decision was to smooth the bed, to 
set the water free by all possible expedi- 
ents, to deepen and straighten instead of 
curbing or diverting ; and this is the les- 
son which, after the life of a generation, 
has been learned in Egypt. The barrage 
of the Nile, with all its complications of 
dykes, viaducts, sluice gates, tunnels, ca- 
nals, and pumps, was far from being pro- 
nounced complete when it became a ruin, 
and a ruin it will remain until the last 
traces of M. Linant’s ill-judged under- 
taking have been either swept away by 
other floods or overwhelmed by the sands. 
It is, and was from the commencement, 
to be feared that the work was urged 
upon the successive rulers of Egypt from 
political motives rather than from any 
real belief in its feasibility; but the rem- 
iniscence is an unpleasant one of the ex- 
torted toil, no less than of the extorted 
taxes, wrung from a poor and helpless 
population to aid in this realization of a 
dream indulged in by a Franco-Egyptian 
Society which once actually proposed the 
drainage of the Lake Merris, as though 
Egypt were Holland, unduly invaded by 
the billows. Of course a philanthrop 
ic incentive may have prompted some 
among the engineers who pressed their 
services upon the Pasha Mohammed Ali 
and his equally credulous successors. It 


would have been a great advantage, no 
doubt, if the immense amount of manual 
labor now devoted to raising driblets of 
water from the river by rude appliances 
of primeval fashion, which have exhibited 
no improvement for centuries past, could 
have been saved, and this, indeed, was 
among the objects proposed to be fulfilled 
by M. Linant’s uufortunate barrage: but 
the same end could have been obtained, 
at a hundredth of the cost, by another 
process, as was demonstrated at the very 
time when these leviathan plans were be- 
ing drawn, by an Egyptian prince of a 
| different mould (Ibrahim Pasha), who es- 
| tablished stationary steam engines on his 
estates, which increased in fertility and 
value while the dykes, and the arches, 
and the canals, were in progress, with a 
view ultimately to foster harvests on the 
waste lands of the valleys, though in real- 
ity to bequeath fresh evidence—as if any 
were needed—of the truth that an idea 
may be theoretically grand and practi- 
cally worthless. These Pharaonic works 
neither interested nor enlightened the 
poor peasants in whose behalf they were 
said to be undertaken. They simply 
served the purpose of a few speculators, 
and their destiny has culminated in a gen- 
eral swamping and downfall. Henceforth 
the latest trophies of the modern Phara- 
ohs will present to the traveller’s eye a 
few groups of unpicturesque fragments, 
scarcely coherent enough to tell the tale 
of their original design. 








LOSS OF PRESSURE IN STEAM PIPES. 


From ‘The Engineer.” 


Ir is well known that the initial pres- 
sure in a cylinder seldom equals the boil- 
er pressure ; certain exceptions to this 
rule exist, however, to which we shall 
refer presently. The loss of pressure is 
usually attributed to the frictional resist- 
ance of the steam pipe and condensation 
within the latter. There is reason to be- 
lieve, however, that although such a de- 
duction is consistent with facts in many 
cases, it is by no means always so. In 
other words, the proposition that friction 
and condensation in a steam pipe are the 
cause of a difference of pressure between 
the cylinder and the boiler is not invaria- 


bly true under all circumstances and con+ 
ditions. Indeed, there is reason to believe 
that in all cases when the steam pipe is of 
sufficient diameter the loss of pressure 
due to any influence which it can exert 


must be trifling. The question is one of 
|growing importance, especially in our 
mining districts, because it is becoming 
more and more the practice to transmit 
steam from a boiler to an engine through 
very long distances. Pumping engines 
|of great power are now fixed at the 
bottom instead of at the top of a shaft; 
and it is found to be more economical to 
take steam down the pit than to adopt 
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heavy spears and plunger holes. If, how- 
ever, it could be shown that any great 
loss of power and fuel must follow on 
the adoption of this system of construc- 
tion, it might be better, after all, to resort 
to the old style of practice familiar to all 
engineers. It is somewhat remarkable 
that very few experiments have been 
made to determine what is really the effect 
of a long steam pipe on the power of an 
engine and the consumption of steam; 
and in the absence of experimental data, 
we must reason a good deal on theory in 
dealing with the question. Enough is 
known, however, to enable us to arrive at 
tolerably accurate conclusions as regards 
any given case. 

In practice it is found that the differ- 
ence between the pressure in the boiler 


‘hand of the gauge is in constant motion, 
'falling with each opening of the steam 
port, and rising again when the valve 
closes. In single-cylinder engines, espe- 
cially when working expansively, there 
|is an intermittent flow of steam through 
|the steam pipe. The moment the valve 
opens the steam in the valve chest rushes 
|in, and the whole body of steam in the 
|pipe has to be suddenly put in motion. 
Its inertia must be overcome, but before 
|this can be done a considerable fall in 
|pressure must take place in the valve 
ichest and that part of the column next 
ithe engine; and it is not difficult to cal- 
| culate exactly what this fall in pressure 
| must be if we know the weight of steam 
|in the steam pipe, and the required ve- 
jlocity. But at the moment the valve 


and in the cylinder of stationary and ma-| closes, the steam is in rapid motion. This 
rine engines is about 3lbs. We have our-| motion is suddenly arrested, and the 
selves verified this fact dozens of times. | pressure in the valve chest may then, by 
The difference is sometimes a little more, | the impact or momentum of the column 


sometimes a little less, but this may be 
taken as a fair average; and, curiously 
enough, it appears that the difference is 
very nearly independent of the boiler 
pressure. Thus, in an old-fashioned 
beam engine working with a boiler pres- 
sure of but 10 Ibs., and having a piston 
speed of about 240 ft. per minute, the 
maximum indicated cylinder pressure was 
but a shade over 7 lbs. The steam pipe 
was short—about 15 ft. long—large and 
well clothed. In another case, with a 
boiler pressure of 70 Ibs. and a steam pipe 
about 20 ft. long imperfectly protected, 
the initial pressure in the cylinder nearly 
reached 67 Ibs. In athird instance, with 
about 20 ft. of well-felted 8-in. pipe, the 
initial pressure in the cylinder of an en- 
gine, 27 in. diameter, 3 ft. 6 in. stroke, run- 
ning at 60 revolutions per minute, was 50 
ibs., the boiler pressure being a little un- 
der 54 Ibs. We could add many other 
cases to prove the accuracy of our propo- 
sition if they were required. Why it is 
that the difference is apparently indepen- 
dent of the pressure we are unable to ex- 
plain in any way quite satisfactory to 
ourselves, so we must rest content with 
stating the fact. If any engineer will 
take the trouble to fit a steam pressure 
gauge on a valve chest, he will learn in 
two minutes that the received ideas of 
loss of pressure in steam pipes are errone- 
ous—that is to say, if the pipe is of suffi- 
cient diameter. He will find that the 


| of steam, rise considerably above that in 
the boiler for an instant. Mr. D. K. 
Clark cites cases in which the pressure in 
the valve chest was as much as & lbs, 
higher than that in the boiler from this 
cause. The difference between the initial 
pressure in the cylinder and that in the 
boiler appears to be in all cases almost 
wholly due to the resistance of the steam 
ports, and the inertia of the column of 
steam in the pipe, and little, if at all, to 
the resistance of the pipe or to conden- 
sation. Mr. D. K. Clark has found that 
the resistance of the steam pipe is quite 
|inappreciable even in locomotives run- 
ning at 600 ft. of piston per minute, when 
the sectional area of the steam pipe was 
not less than one-tenth of that of the 
piston; and Rankine states that, provided 
the velocity of the steam in a supply 
pipe is not suffered to exceed 100 ft. per 
second, the frictional resistance of the 
pipe may be entirely neglected. Ofcourse 
it must be understood that we are taking 
no account of the resistance which may 
be due to the stop valve or throttle valve. 
If these are properly proportioned, they 
will, when wide .open, in no way affect 
the results. As regards the resistance of 
the cylinder ports, and what is known as 
“loss of head,” we shall do no more than 
refer our readers to “ Rankine on the 
Steam Engine,” page 414. We are now 
dealing with steam pipes, not with cylin- 
der ports. 
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It is very commonly assumed that lis to lay the steam pipe underground in 
when avery long steam pipe is used there | large wooden troughs, waterproof if the 
must be a great difference between the| ground be damp, the troughs to be filled 

ressure in the boiler and the cylinder.| with dry sawdust or fine dry sand. If 

his assumption, we believe, if used in|this arrangement be inadmissable, then 
the absolute sense, to be altogether erro-|the pipes should be covered with felt, 
neous. It is of course quite possible to|or some one or other of the various 
make a steam pipe so small, and so full | compositions for the purpose in the mar- 
of bends and sharp turns, that it will|ket. The loss by condensation may 
cause considerable resistance and conse-|in this way be reduced to one or two per 
quent loss of pressure; and it will be| cent. of the whole quantity of steam used 
found, we venture to say, in all cases| by the engine. A pipe 12 in. in circum- 
where a considerable loss of pressure does | ference and 200 ft. long would have 200 
really take place, that the steam pipes are | square feet of surface, and the total quan- 
made too small and that the velocity of | tity of steam which such a pipe would 
the steam is over 100 ft. per second. The | condense if exposed unlagged to air at 60 
temptation to make long steam pipes too | deg. would not exceed about 72 lbs. per 
small is very great, because the cost of a|/hour. But the sectional area of such a 
considerable length of steam piping is not | pipe inside would be about 9 in. A cubic 
a trifle. When the piping is large enough | foot of steam would occupy 192 in., or 
no loss of pressure worth mentioning will | 16 ft. of its length, and at 100 ft. per se- 
take place, even though the pipe be two/| cond, the tube would pass 6.25 cubic feet 
or three hundred yards long, so far as| per second, or 22,500 cubic feet per hour. 
frictional resistance can affect the ques-|The weight of this steam, taking it at 50 
tion. There is only one other cause of lbs. pressure above the atmosphere, would 
loss of pressure, and this is condensation | be 4,017 Ibs. Assuming that the engine 
in the steam pipe, and this must of neces-| used 60 Ibs. per horse-power per hour, 
sity be almost wholly inoperative to the | this would represent over 66 horse-power, 
assumed end. A little reflection will|and as the loss by condensation would 





show that the length of steam piping | not exceed 72 lbs., it will be seen that it is 
suspended in air required to “ago [ar naqengens to talk of condensation in the 


steam nearly as fast as a boiler can| pipe as a cause of loss of pressure. Ina 
supply it, would be enormous. It is im-| word it may be stated that loss of pres- 
possible, in short, for a steam pipe of any| sure in a long steam pipe can only take 
reasonable length to have much less pres-| place as a result of the frictional resist- 
sure at one end than the other, provided | ance of that pipe to the fluid moving 
the velocity does not exceed 100 ft. per| within it; that sharp bends materially 
second. We may regard the effect of|increase the resistance; but that if the 
condensation as being the same as though | pipe is tolerably straight and sufficiently 
a second engine were put on. If as much | large, the frictional resistance will be al- 
steam was condensed as was used by the | most inappreciable; in no case can con- 
engine, then the consumption of steam at | densation be a cause of loss of pressure 
the further end of the pipe from the boiler! unless the pipe is exposed uncovered to 
would be practically doubled, and the re-| rain, or water in some other form, and 
quired velocity would then be 200 ft. per | that the loss of pressure will then be due, 
second instead of 100 ft.; that is to say, if| not to condensation, but to the fact that 
the pipe were properly proportioned to | those portions of the pipe near the boiler 
supply the engine only in the first in-| will be too small to supply the extra de- 
stance, there would in the second be a| mand for steam at the other end of the 
small loss of pressure due to the increased | pipe, unless the steam flows at such a ve- 
velocity of the steam required to make | locity that the frictional resistance of the 
up for condensation; but this would not| pipe will operate prejudicially. It is not 
be due directly to condensation, but to | to be denied, however, that in many in- 
the fact that the steam pipe was too small | stances in practice there is a very serious 
for its work. The remedy is obvious.|loss of pressure between the engine and 
Let the steam pipe be protected and the | boiler in long pipes. In all such cases, 
loss of pressure will become little or noth- | however, the pipes are too small for their 
ing. One of the best means of protection | work, or they are improperly fitted. We 
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can call to mind one which came under 
our own knowledge, where the difference 
in pressure between the boiler and the 
engine, with a 3-in. pipe about 12 ft. long, 
was as much as 12 lbs. The engine had 
only just been started; the stop valve 
was held to be guilty, and was changed 
for one larger. This did no good, Then 
new steam pipes were ordered, and when 
the old one was taken down it was found 
that the whole cause of the mischief lay 
in the fact that the man who put the 
pipes up, in making a flange joint, used a 
ring wrapped with tow and red lead. The 
inner diameter of the ring, instead of 
being 3in., was little more than 1 in. The 
joint was remade as it should be, the 


pipes re-erected, and there was no more 
trouble. Nothing is more common at 
collieries and mines than the use of long 
steam pipes made of any kind of tubing 
at hand, and of varying diameter, but in- 
variably too small. Then we hear of 
loss of pressure, and it is on no better 
basis than this that the whole theory of 
pressure being lost if a steam pipe is long 
has been built up. In designing steam 
pipes, as well as any other appurtenance 
of a steam engine, nothing is more easy 
than to make a mistake. If we can in- 
duce our readers to think twice before 
they settle the proportions of their steam 
pipes, our purpose in writing this article 
will have been served. 








THE FORM AND CONSTRUCTION OF SEWERS.* 


From “The Architect.” 


Tue author, after referring to the water, 
earth, and air systems of removing sew- 
age, stated that when the water system 
is properly planned, executed, and taken 
care of, it works most satisfactorily, and 
that when there is deposit and smell at 
any part it is invariably caused by mal- 
formations, faulty execution, neglect, or 
the absence of some necessary appliance. 
As the water system derives the requisite 
s to remove the sewage matters 

rom the form, fall, size, and construction 
of the channels, it is imperative that by 
no defect in these should any of this 
power be wasted or lost. At different 

eriods various forms have been used for 

rains and sewers. The best is that of 
an egg, broad at the large end, and nar- 
row at the small end, and this end placed 
downward. The egg-shape mt the 
circle are now generally employed for 
large brick sewers, and the circle for pipe 
sewers and drains. Thirty years agotwo 
large sized sewers were in use in the 
Westminster district. The form was 
nearly flat-bottomed, with upright sides 
and semi-circular crown; and the work 
was badly executed, especially in the in- 
verts, where the bricks were usually laid 
dry. Before this form was introduced 
sewers were built with flat bottoms. 
Hundreds of miles of these sewers now 





read before the Society of Engineers, London, 
Phillips, C. E. ad net 
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| exist in the metropolis, the bricks being 
| porous, the mortar friable, the work 
|rough, and the gradients extremely ir- 
regular. In the Westminster district 
there are 150 miles with slightly curved 
and flat bottoms. Through these the 
greater part of the sewage constantly 
leaked, saturating the ground, and leay- 
ing the solid matters behind upon the 
surface. During the author’s examina- 
tion of these sewers he found sewage de- 
posits in nearly all of them, varying in 
depth from two or three inches to two or 
three feet. This was caused by the large 
width and flatness of the bottoms spread- 
ing and destroying the flow, by the bot- 
toms permitting the liquids to pass 
through them like sieves, and by the 
street detritus collecting in small heaps 
opposite the gully drains and pressin 

back the sewage. ‘Thus the sewers rose | 
a network of extended cesspools, which 
were emptied at intervals when the ac- 
cumulations stopped the house drains, and 
the decomposing filth sent up streams of 
noxious 7 into the air through the 
gully and house drains, which at this 
time were defectively trapped and unven- 
tilated. The remedy for this state of 
things appeared to the author to consist 
in making the channels narrow, even, 
smooth and watertight, and in providing 
the inlets with syphon-taps and ventilat- 
ing pipes. He took care that the sewers 
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the conveyance of sewage from the 
smallest drain to the largest outfall 
sewers, 


put in under his superintendence should 
be solidly and tightly constructed. This 
slightly increased the velocity of the flow, 


but the excessive width and flatness of 
the bottoms diffused the streams so much 
that they were unable to lift and carry 
away the sewage matters. What, there- 
fore, appeared to the author necessary to 


The construction of brick and concrete 
sewers was then reviewed. They should 
be built accurately to the inclination and 
curvature, thoroughly solid and water- 
tight, and perfectly even, smooth and 





ascertain was the form of channel that/regular. By particularly attending to 
would give the sewage the utmost velo-| these essential points, distortion and 
city, and the rate of velocity at which the | leakage are prevented, and the flow is ac- 
sewage must travel to raise and keep the | celerated. Bricks only of the very best 
matters in suspension and carry them to| quality, and Portland cement, which is 
the outfalls. |almost proof against the chemical action 

He therefore made four channels along|of sewage, should be used. Concrete 
the old sewers, namely, a semi-circle, an| sewers are jointless and non-absorbent, 
elliptic segment, a parabola, and a hyper- | and are stronger and more durable than 
bola, and for months he measured and/| brick sewers. Three courses of solid fire- 
computed the velocities of the sewage | clay blocks in long lengths should be used 
running in them. It resulted from his| along the bottoms. The use of hollow 
experiments that the velocity was greater | blocks at this part, where the weight of 
in the elliptic segment than in the semi-| the sewer and of the ground pressing up- 


circle, in the parabola than in the elliptic 
segment, and in the hyperbola than in the 
parabola, This was evidently due to suc- 
cessively contracting the bottoms of the 
channel, which, by successively increas- 
ing the depth of the stream, increased its 
slope at the surface, and thus, by giving 
it greater gravitating energy, increased 
its velocity and scour. He also found 
that sharp curved side walls with a large 
batter resisted lateral pressure better than 
flat curved side walls with a small batter, 
and that a prolate elliptical arch sustained 
vertical pressure better and gave more 
headway than a semicircle. Combining 
these results, he produced an egg-shaped 
sewer, which was adopted by the West- 
minster Court of Sewers in place of the 
old form with a nearly flat bottom and 
upright sides. This was in 1846. Soon 
alter this he introduced an egg-shaped 
sewer, with the same invert, but with a! 
semicircular crown. This form has been 
in use ever since in the metropolis, as also 
throughout Great Britain, Europe, India, 
and America. The author stated that 
owing to the quantity of sewage running 
in the sewers each day, varying from a 
minimum to a maximum flow, the chan- 
nels should be made in accordance with 
the increment of the flow, that is, parabo- 
lic or hyperbolic, and not semicircular. 
By this means the minimum flow, and 
the stream at all depths up to the maxi- 
mum flow, would have much greater 


| 





velocity. This applies to all channels for 


on and against it is concentrated, is a 
mistake, for this weight causes such blocks 
to crack and break. Moreover, they let 
the sewage out of and the subsoil water 
into the sewer. Where the body of sew- 
age or the inclination is small, the sand 
and other substances which are washed 
into the sewers become mixed with the 
excrete, fat, hair, paper, and other matters, 
and form concrete masses along the bot- 
toms, which no current or flush of water 
can tear up or remove. For this reason 
detrital ps rode should be kept out of 
sewers and drain channels as much as 
possible. This is to be done by makin 

catch-pits under the sinks and gullies, a 
taking care to empty them after every 
rainfall. Much of the evils arising from 
deposit in and smell from drains and sew- 
ers is caused by not providing these neces- 
sary appliances, and in neglecting to em- 
ploy them where they are provided. The 
author first introduced syphon-trapped 
catch-pits under the gullies in the me 
tropolis in 1848, and they have been gen- 
erally used in towns ever since. As sew- 
age is charged to its maximum capacity 
with comminuted organic and inorganic 
matters, it must flow at a certain rate of 
velocity to hold the sediment in suspen- 
sion and carry it with the detritus to the 
outfalls. From 1844 to 1846, inclusive, 
the author measured and computed the 
sewage running in the Westminster sew- 
ers, both where there was deposit and 
where there was none, and it resulted, 
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from his experiments, that where there 
was deposit the velocity of the flow was 
less, and where there was no deposit the 
velocity was more than 2} feet per second. 
Whether the flow or the inclination was 
large or small,so long as the sewage 
travelled at this rate of velocity the sedi- 
mentary and other matters were complete- 
ly carried away. This result threw a 
new light on the science of sewage. The 
author first enunciated this principle in 
1847 before the Sanitary Commission. It 
was quoted by Beardmore, adopted by 
Bazalgette in arranging the gradients for 
the main drainage of the metropolis, and 
engineers have ever since regulated the 





inclination of sewers in accordance with | 


it. 
clination is sufficient to produce this ve- 
locity, there is no need to provide for 


| 


mile. Consequently the cost of the 600 
miles would be £600,000. The amount ex- 
pended annually for flushing would pay 
off the principal and interest of this 
amount in thirty years, or the money 
could be raised from the coal tax. Stone- 
ware pipes are generally made circular, 
but it would be a great improvement to 
make the inverts hyperbolic and the chev- 
rons semicircular, The minimum flow 
would then have less frictional surface, 
more depth and more velocity, and the 
velocity at all depths up to the maximum 
flow would be greater. If the form which 
generates the utmost velocity is to decide 
which channel is best for the conveyance 
of sewage, then, unquestionably, the hy- 


Where the body of sewage or the in-| perbolic channel is far superior to the 


semicircular, and should be used instead. 
But it has been urged as an objection to 


flushing ; but where the one or the other | employing pipes of any other shape than 
is insufficient to generate the required ve- | circular for sewers and drains that, owing 


locity, deposit will ensue and accumulate 
unless it is flushed away. 


| 


to the distortion which takes place dur- 
ing the drying and burning of the clay, 


A quarter of a century ago the greater | they cannot, while being laid, be made to 
part of the sewers of the metropolis were | fit each other so well at the joints as the 
found to be sewers of deposit. 


Ample 
data were then obtained from which a 
eneral plan could have been laid down 
or making nearly all of them self-cleans- 
ing with the common run of sewage. The 
flushing system, however, was adopt- 
ed, onl is still in use. At the present 
time there are about 600 miles of 
sewers in the metropolis which would 
choke up if they were not regularly 
flushed. It is a popular fallacy among 
the uninitiated that the main drainage 
has effectually improved these sewers. 
In no way have they been improved by 
it. Hence they accumulate deposit now 
just the same as they did before the main 
drainage was begun, and they will con- 
tinue to do so until contracted hyper- 
bolic channels are laid down along the 
old inverts. The author proposed this 
plan in 1847 before the Sanitary Com- 
mission, but a general system of flushing 
was adopted instead. The plan has since 
been tried in some deposit sewers, which 
have by its means been changed into self- 
cleaning sewers. About £330,000 have 
been expended during the last quarter of 
a century in flushing. This is at the rate 
of £13,200, or one penny per foot level, 
erannum. The cost of laying down new 
perbolic channels as proposed wceuld be 
about 3s. 9} d. per foot run, or £1,000 per 





circular pipes, which can be turned round 
until the convex distortion in one pipe fits 
the concave distortion in the other. 
Hence perfection of form, evenness of 
surface, and increase of velocity are sacri- 
ficed because of the distortion which is 
unavoidable in the manufacture of these 
pipes. Also, owing to the irregular shape 
of and large space in the sockets when 
the pipes are put together, they never fit 
each other so as to produce concentricity, 
but protrusions are formed round their in- 
terior, which may be seen by laying afew 
pipes together on a board. Moreover, 
owing to the difficulty of getting to the 
under side of the joints, they cannot at 
this part be made er without 
great care and supervision. The gaping 
openings at the side and top of the joints 
also allow the cement used in stopping 
them to squeeze through, drop on the bot- 
tom, or form frills round the inside, caus- 
ing obstructions and reducing the bore of 
the pipes. Another drawback to the pro- 
duction of even, regular, and efficient 
channels for the conveyance of sewage by 
stoneware pipes is their short length of 
two feet. Engineers should specify them 
three feet and even four feet long. ‘The 
advantages would be that there would be 
a less number of joints, or rather points 
of leakage, the pipes could be laid truer 
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to the line and gradient, and the velocity 
of the sewage would be unchecked and 
increased. With a view to remedy the 
defects in the joints of those pipes, the 
author has recently invented a new joint, 
which can be easily made perfectly tight 
against leakage, and will ensure concen- 
tricity of the pipes, and of their being 
solidly laid. his invention he has no 
doubt will accomplish what has been so 
long desired, to make stoneware pipes 
concentric and watertight. Pipes, how- 
ever, can be manufactured of Portland 
cement truer of shape, much longer, and 
consequently with fewer joints, and 





stronger and more durable than stone- 


| . . 
ware pipes. Portland cement sets and 


becomes intensely hard, which goes on 
increasing indefinitely. It also resists 
compressive and tensile strains much more 
than vitrified stoneware. On the Conti- 
nent such pipes are largely used, and 
most excellent pipes they are. With 
Portland cement pipes, made as the 
author suggests, laid in straight lines 
to regulate inclinations, and tightly 
jointed as he describes, we should ob- 
tain perfectly formed sewers and drains, 
uniform of section, even of surface, and 
tight at the joints, which are the desid- 
erata for channels for the conveyance of 
sewage. 





THE NEW METHOD OF “GRAPHICAL STATICS.” 
By A. J. DUBOIS, C. E., Ph, D. 
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Tue object of the following pages is to| its application to “continuous girders” it 
call more general attention to a new| furnishes the only method of complete 
method for the graphical solution of| solution for variable loading, without 
statical problems, which has during the| calling in the aid of the higher analysis, 
last ten years, mainly in Germany, been} or having recourse to intricate formule 
gradually developed and perfected, and | and wearisome calculations. Thus, a 
which offers to the architect, civil en-| girder continuous over three or more 
gineer, and constructor a simple, swift,| supports, at different elevations, and 
and accurate means for the investigation | sustaining a “ concentrated load ” at any 
of a great number of practical questions. | point, can be investigated with nearly 
When once thoroughly understood and} the same ease and accuracy as one rest- 
familiarized, it will be found greatly} ing upon only two supports. Here espe- 
superior to the graphic methods at pres- | cially those already familiar with the 
ent in general use. Thus, for instance, | analytical method can, by a union of the 
in the determination of the centre of|two, greatly shorten the time and labor 
gravity and moment of inertia of areas| usually consumed in such cases, 
and solids; of the resultant of forces} To Prof. Mohr, of the Stuttgart Poly- 
either in space or in the same plane, and|technicum,* the new method owes its 
having the same or different points of} origin, as well as many of its most im- 
application, as also in the resolution of| portant improvements and extensions, 
forces generally, the method alluded to] But it was not till 1866 that the com- 
will be found of easy and universal ap-| plete and systematic presentation of the 
plication. When applied to determine | subject by Culmann} directed generat 
the strains in the various members of a| attention to the subject, and excited 
roof truss, bridge girder, or similar| general interest. 
framed structure, it furnishes a system of} During the eight years which have 
“diagraming” which can be applied in-| since elapsed, the meted has been con- 
dependently of any special assumptions | siderably extended, notably in the treat- 
as to load distribution, which gives the | ment of continuous girders above referred 
strain in each member by a single line,| to, and the new edition of Cullmann’s 
which is simple and rapid of execution, | original work, which is soon to appear, 
and which checks its own accuracy.* In| 








te ta deshannov, Arch.u.Ing. Ver. 1860 and 
70 


iV. 
* Iron Bridges and Roofs, Unwin. London, 1869; p 127. + Die Graphische Statik. Zurich, 1866, 
ot. XIT.—No. 2—11 
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and which has been so long promised, is 
looked forward to in Germany with con- 
siderable interest. 

Admirable as Culmann’s treatment of 
the subject undoubtedly is, still for along 
time this interesting and useful method 
failed to meet with that appreciation and 
recognition from professional men to 
which it had such just claims ; partly, 
perhaps, because of a natural disinclina- 
tion in old practitioners to relinquish 
well known and familiar methods, and | 
partly because the treatment of Culmann 





required for its comprehension a knowl- 
edge of the so-called “Modern Geometry,” 
or Theory of Transversals. 

This method of treatment is, however, | 
by no means necessary. The system ad- | 
mits of a clear and logical development, 
which can be followed and apprehended 
by any one familiar with the elements of 
geometry as generally taught; and to| 
give in just such a manner the outlines | 
of the subject, indicating its most import- 
ant applications, and thus to bring it 
within the reach of those in this country 
for whose benefit it seems so especially 
designed, is the purpose of these pages. 

1. Noration, etc.—In order that a 
force may be “ given” or completely | 
determined in its relations to other| 
forces, we must know not only its 
éntensity, but also its direction, and 
the position of its point of application. 
These three being known, the geometrical | 
expression of our knowledge is very | 
simple. We have only to assume a cer- 
tain /ength as the unit of force, and then 
any force is at once given by the length, 
direction, and position of a straight line. 
This method of force representation is so 
obvious, that it is in fact used in mechan- 
ics, even where the treatment itself is 
essentially analytical. 

Unless expressly stated, all the forces | 





| 





with which we have to do in these arti- | D 


cles will be considered as lying and act- | 
ing in the same plane. Graphically then, 
any force is completely determined by a 
straight line, the beginning of which 
represents the point of application, and 
the length and direction of which give 
the intensity and direction of the force. 
We shall indicate a force in general by 
the letter P, its point of application by 
A. When we have several forces we 
represent the points of application by 
A;, A,, A,, etc,, and the ends of the cor- 





responding lines by P,, P,, P;, ete. The 
direction in which a force is supposed to 
act is thus unmistakably indicated. 

When, however, lines representing 
several forces are laid off one after an- 
other, the beginning of each at the end 
of the preceding, it will be sufficient to 
put 0 at the beginning of the first, and 
1, 2, 3, ete., at the end ofeach. No con- 
fusion can arise, as each force acts and 
reaches from the point indicated by the 
figure which is one Jess than its index, to 
the point indicated by that index. 

When, finally, we designate a force by 
the two letters or figures which stand at 
the beginning and end, we shall always 
indicate by the order in which the letters 
or figures are written, the direction of 
action of the force, first naming the point 
of application, and then the end. 

A torce due to the composition of sev- 
eral forces, as P,, P., P;, we denote by 
P,, or R,; Thus R,, denotes the result- 
ant of the forces P,, P., and P;. 


Cuarter I. 
FORCES IN THE SAME PLANE—COMMON 
POINT OF APPLICATION. 

2. If two forces, P, and P,, given in 
direction and intensity by the lines OP, 
OP, [Fig. 1], have a common point 
of application O, the resultant R,, is 
found by the well known principle of the 
“ parallelogram of forces,” by completing 
the parallelogram as indicated by the 
dotted lines, and drawing the diagonal. 


Fie. J. 


OR then gives the resultant of the forces 


P, and P,. If this resultant acts in the 
direction from O to R, as indicated by 
the arrow, it replaces P, and P, ; that is, 
it produces the same effect as both forces 
acting together. If it were taken as 
acting in the opposite direction—i.¢, 





a 
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from 0 outwards, away from R—it would | to the forces, we call the “yorce polygon.” 
hold the forces P, and P, in equilibrium. | Hence we have the following principles 
Now, we see at once that it is unneces- | established : 
sary to complete the parallelogram. Itis| If any number of forces having a 
sufficient to draw irom the end of the| common point of application and lying 
force P, the line P, R in the same direc-| in the same plane, are in equilibrium, the 
tion that P, acts in, and make it equal | “ force polygon ” is closed. 
and parallel to P,. The point R thus| Jf the “force polygon” is not closed, 
found is the end of the resultant R, or is | the forces themselves are not in equili- 
a point upon the direction of the result- | brium, and the line necessary to close it 
ant prolonged through O. | gives the resultunt in intensity and direc- 
As to the direction of action of the | tion. 
resultant. If we follow round thetriangle| 7his resultant, if considered as acting 
from O to P, and from P, to R and R to|in the direction oblained by following 
0—i.¢.,if we follow round in the direction| round the “force polygon” with the 
of the forces—the direction for the result- | forces, will produce equilibrium—acting 
ant from R to O thus obtained is, as we) in the opposite direction, it replaces the 
have already seen, the direction necessary | forces. 
for equilibrium. | The resultant thus found in intensity 
3. If, instead of two forces, we have| and direction can be inserted in the force 
three or more, as P,, P., P;, P, [Fig. 2]| diagram at the common point of appli- 
we still have the same construction. | cation. 
Thus completing the parallelogram for| 5, Thus, required the position, intensity, 
P, and P, we find R,, Completing! and direction of the resultant of the forces 
| Pi. Pap Pen Pee ¥ 


oe 
| 


| These forces are given in position, 
| direction, and intensity by the force dia- 
\gram, Fig. 3 (a). The resultant of all 
|these forces must have of course the 


|same point of application A as the forces 
| themselves—it remains to find then its 
relative position and the direction of its 
| action, so that we may properly insert it 
|in the force diagram. 
| We have simply to draw the force 
| polygon, Fig. 3, (6) by laying off 
| successively O, P,, P; P,, etc., equal, 
|parallel, and in the same direction 
the parallelogram for R,., and P,, we find | as the forces P,, P., ete., as given by Fig. 
R,,, and again, with this and P, we ob-|3(@). Then the line P, O necessary to 
tainR,,. Again, we see it is unnecessary | close the force polygon gives the inten- 
to complete all the parallelograms. We | sity of the resultant, and in order to re- 
have only to draw lines P, Ris, Ris Ris,| place P,,; it must act in the direction from 
R,; R,4, parallel to the forces P, Ps and | O to P,; i. e., contrary to the order of the 
P, respectively, and equal in length to/forces. If then in Fig. 3 (a) we draw 
the intensities of these forces, and then,| A R equal and parallel to O P;, we have 
no matter what may be the number of | the resultant applied at the common point 
forces, the line drawn from the point of |of application A, and given in position, 
beginning to the end of the last line laid | intensity, and direction. 
of will give the intensity and position| Moreover, it is evident that any diag- 
of the resultant. As to direction, the | onal of the force polygonas R,, [Fig. 3 (6)] 
same holds good as before. is the resultant of P,,, and acting in the 
If the end of the last line laid off sbould | direction from P, to P,, it holds P,, in 
coincide with the point of beginning,| equilibrium. But it is also the resultant 
there is, of course, no resultant, and the/|of P,, P,, P,, and R,,, and acting in the 
forces themselves are in equilibrium. same direction as before, it replaces these 
«.3The polygon formed by the successive | forces. The force polygon thus shows 
laying off of the lines parallel and equal | that the force which replaces P,, P,, P,, and 
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R,,, at the same time holds P, and P, in 
equilibrium, just as it should be. 

If, on the other hand, we had originally 
only P,, P., R;., P;, and R,., forming a sys- 
tem of forces in equilibrium, we could de- 
compose R,., into two components by sim- 
ply assuming any pointas P, [Fig. 3 (6)] 
and drawing P,P,P, P.. Then following 
round this new polygon in the direction 


Fic.3 (a) 


of the forces, or, what amounts to the 
same thing, taking the direction of the 
components P, P,, opposed to the direc- 
tion of R,, for equilibrium, we obtain the 


direction of action of P, and P, as shown by | 


the arrows in Fig. 3 (4). These forces 


Fic.3.(8) 
2 


inserted in Fig 3 (a), in the place of R,, 
and in these directions, will not disturb 
the equilibrium. 

Hence, any diagonal in the force poly- 
gon is the resultant of the forces on either 
side, holding in equilibrium those on one 
side and replucing those on the other, ac- 
cording to the direction in which it is 
conceived to act. 

Also, any force or number of forces 
may be decomposed into two others in any 
desired direction, by choosing a suitable 
point in the plane of the force polygon 
and drawing lines from this point to the 
beginning and end of the force or force 
polygon. 

6. It MATTERS NOT IN WHAT ORDER WE 


| LAY OFF THE FORCES IN THE CONSTRUCTION 
OF THE FORCE POLYGON. 

Thus, in Fig. 1, whether we draw from 
the end of P, the line P,, R,. equal and 
|parallel to P, or from the end of P, 
‘the line P, R,,. equal and parallel to 
'P,, in either case we obtain the same 
‘resultant and the same direction for 
ithe resultant. But by a similar change 
|of two and two, we can obtain any order 
we please. For example, we lay off in 


Fic. 3.(c) 


Fig.3 (c)the same forces in the order P,P,P, 
P, P,, and obtain precisely the same resul- 
tant, in the same direction as before. For, 
the resultant of P; and P, must be the 
same as that of P, and P, in the first case, 
The resultant of R,., and P,; must then be 
the same in both polygons, and so on. 

Generally, then, no matter what the 
order in which the forces are laid off, the 
line necessary to close the force polygon 
is the resultant of the forces, and the 
diagonals of the force polygon give us 
the resultants of the forces on each side. 

By assuming a point at pleasure, and 
drawing lines from this point to the be- 
ginning and end of any side of the force 
polygon, and taking the direction of 
these lines opposed to the direction of 
that side, we can decompose any force in 
the force polygon into its components. 
Thus the force polygon gives us complete 
information as to the action of the forces. 

7. IF THE FORCES ACT IN THE SAME 
STRAIGHT LINE, the force polygon of course 
becomes a straight line also, and the re- 
sultant is the sum or difference (algebraic 
sum) of the forces. 

Thus, if we have P,, P., P, ail acting at 
the point A,as shown by the force diagram 
Fig. 4 (a), we form the force polygon by 
laying off from O Fig. 4 (d) the intensity 
of P,, from the end of this line P, P, equal 
to A P, and from P,, P,P, equal to A Ps 
Then the line necessary to close the poly- 
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gon is evidently O P, = P, + P,—P,. A 
single force acting then at A in the direc- 
tion of and having the intensity repre- 


Fic. 4 (A) 


Fic.4. (8) 
0} 








a change in the manner of load distribu- 
tion, or in the form of construction. 

As this method is not as well known as 
it deserves to be, it will perhaps be of 
advantage to pause fora moment in the 
development of our subject, and make 
this direct application of the principles 


| already established. 


BRACED SEMI-ARCH. 
9. Stoney, in his “Theory of Strains,” 
Vol. L., page 123, gives the following ex- 


‘ample of a “braced semi-arch,” repre- 


}sented by Fig. 5. 
jas follows: projecting portion, 40 ft., 
‘long 10 ft. deep at wall. 
| circular, with a horizontal tangent 2 ft. 
| below the extremity of girder. 
|of lower flange, 104 ft. 


The dimensions are 
Lower flange, 


Radius 
Load uniform 


}and equal to one ton per running foot 


sented by the line O. P; would replace 
P,, P,, and P,. If acting from P, to O, it 
will produce equilibrium. 

If we again choose an arbitrary point as 
0' [we shall hereafter call this point the 
“pole” of the force polygon], and draw 
lines S, S, from this pole to the beginning | 
and end of the force polygon, we can de-| 
compose the resultant into two forces in | 
any required direction. If the resultant 
is supposed to act down, then the arrows 
show the direction in which these com- 
ponents must act in order to replace the 
resultant. If then at A we draw lines 
parallel and equal, we have these compon- 
ents in position, direction, and applied at 
the common point of application. 

PRACTICAL APPLICATIONS. 

8. Simple and even self-evident as all the 
preceding may seem, we have already 
acquired all the principles requisite for a 
rapid, accurate, and very elegant method 
of finding by diagram the strains in the 


various members of all kinds of framed |_ 


structures, such as roof trusses, bridge 
girders, cranes, etc., no matter how com- 
plicated the structure, or what special as- 
sumptions are made as to the loading, 
provided only, that all the exterior forces 
are known. A complicated or unsym- 
metrical arrangement of parts increases 
greatly the labor of calculation, but has 
no effect upon the ease or accuracy of the 
graphical method. The method moreover 
checks its own accuracy, does not accu 
mulate errors, and shows in one view the | 
relation of the strains to each other, and | 
the variations which would be caused by | 


supposed to be collected into weights 
of 10 tons at each upper apex, except the 


/outer one, which has only 5 tons. 


Fig. 5 shows the Arch drawn to a 
scale of 10 ft. to am inch. 


Rw ——> } 


“) 
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This scale is too small in this case to 
ensure good results; in general the larger 
the scale to which the frame can be 
drawn, the better; but for the purpose 
of illustration it will answer well enough. 
With a large scale for the frame dia- 

ram, a scale of 10 tons to an inch will 
in general, be found to answer well. 
Fig. 5 (a) gives the strains in the various 
members to a scale of 10 tons to an inch 
and Fig. 5 (6) 20 tons to an inch; the 
first for the load at the extremity alone, 
the second for a uniform load. 

Fig. 5 (a) is thus obtained. We first 
lay off the weight, 5 tons, to scale, in the 
direction in which it acts; i.e., downwards. 
Now this weight and the strains in dia- 





gonal 1, and flange A, are in eguilibrium ; 
therefore by article (4) the force polygon 
must close. Drawing lines therefore 
from the ends of the line representing 
the weight 5 tons, parallel to these pieces 
and prolonging them to their intersec- 
tion, we obtain the strains in A and 1. 
Commencing with the beginning of the 
weight line and following down around 
the triangle thus formed, we find that A 
acts from right to left, as shown by the 
arrow. A acts then away from the apex; 
it is therefore in tension. Diagonal 1 acts 
towards the apex and is compressed. 

We pase now to apex a, of the frame. 
Here we have the strains in E and dia- 
gonals 1 and 2, and these three strains 
hold each other in equilibrium. The 
strain in 1 we have already, and know it 


to be compressive. We have then simply 
to draw lines parallel to E and 2, and 
follow round the triangle, to obtain the 
intensity and quality of the strains in E 
and 2, We must remember that as 1 is 
in compression, and we are now consider- 
ing apex a, we must follow round from 0 
to 6 in Fig. 5 (a), and so round. We thus 
find 2 acting away from apex a and there- 
fore in tension, and E acting towards this 
apex, and hence compressed. 

Pass now to apexc. We have the 


oko & Ss 





\ |< 





Fic. §.(8) 








strains in A and 2 in equilibrium with B 
and 3. [No weights are supposed to act 
except the one at the end.] But A and 
2 we already have. We draw 3 and B. 
Diag»nal 2 has been found to be in 
tension, With reference to apex ¢ it 
must therefore act away from c; i. ¢., 
\from d@ tod in the force polygon. This 
is sufficient to give us the hint how 
|to follow round. We pass from d to } 
for 2, from 6 to e for A, then from e to B 
and from B tod for B and 3. B is there- 
fore tension and 3 compression. And s9 
we proceed. For the next apex g, we 
have E and 38 in equilibrium with F and 
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] 
4, We draw parallels to F and 4 so as|the structure has unnecessary or super- 
to close the polygon of which we have| fluous pieces. 


already two sides, E and 3, given, and re- 


membering that as 3 is in compression 
and must therefore act towards g, we fol- 


low round the completed polygon with | 
this to guide us, and find 4 tension and | 
F compression. ‘Thus we go through the 
figure, and when all is ready we can scale | 
off the strains, The strains in the lower 


flanges it will be observed all radiate 


from 0. The upper flanges are all mea- 
sured off on the horizontal e C, and the! 
diagonals are the traverses between. We 
see at once that however irregular the | 
structure, we can always easily and read -| 
ily determine the strains at any apex, | 
provided no more than two unknown | 
strains are to be found. If more than 
two pieces, the strains in which are un-| 
known, meet at an apex, we can evidently 
form an indefinite number of closed poly- 





Fig. 5 (6) gives the strains for a uni- 


gons. The problem is indeterminate, and | form load, taken, for convenience of size, 
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to a scale of 20 tons to an inch. Here 
until we arrive at apex c of the frame the 
strains are evidently the same as before. 
Observe the influence of the weight at ce. 
Here we have the strains in A and 2 given 


in the diagram, in equilibrium with B, 3 | 
and the known weight acting atc ; viz., | 


We lay off therefore 10 tons| 


10 tons. 
downward from e Fig. 5 (6), and follow 
down from e around the polygon. 
thus find B tension and 3 compression. 
Then 4 and F are found as before for apex 
g, 4 tension and F compression ; and then 
we come to the next apex and the nezt 
weight. This is laid off downwards from 


the end of the preceding, and then we| 
| P,, is the horizontal and P, the vertical 


|component of the pressure on the roof. 


follow round, finding C tension and 5 
compression ; and so on, 


10. As another example, let us take} 
|lows sufficient margin for the heaviest 


| gales, we have the following values of the 
This truss is given| normal pressure and its components for 


Di- | 


the 

ROOF TRUSS, 
given in Fig. 6. 
by Stoney, Vol. I, page 128. 
mensions: span, 80 ft.; rise of top and | 
bottom flanges, 16 and 10 ft. respectively. | 
Radii, 58 and 85 ft. The figure shows | 
two different kinds of bracing. In the 


left-hand part the extreme bay of the) 
lower flange is half as long again as the 


others. The upper flange is divided into 
4 equal bays. In the right-hand section, | 
both flanges are divided into 4 equal bays, 
and every alternate biace is therefore 
nearly radial. Each upper apex in both | 
cases is supposed to sustain a weight of| 
one ton. | 

The strains in the various pieces are| 
given in Fig. 6 (a). 

We form the force polygon by laying 
off the weights from 0 to 7 and then lay- 
ing off the reactions 3.5 apiece, upwards, 
we come back to 0, and the force polygon 
is closed as it should be, since the sum ot 
the reactions must be equal and opposite 
to the sum of the weights. Starting then 
with the reaction at the left support A, 
we go through from apex to apex in a 
manner precisely similar to the previous 
case. The operation is so simple that it 
is hardly necessary to detail it again, but 
we recommend the reader to go over it 
with the aid of Fig. 6 (a), lettering the 


We) 
| perpendicular to its direction, 7 is the in- 





figure as he proceeds. The dotted part 


such as that caused by the wind blowing 
on one side of the roof, and this by the 
aid of our method we can easily do. 
From the experimental formule of Hut- 

ton,* 

P,=Psin i 1.84 cosi---1 

P,—Psin i ™* cosi 

P,—=Pcot i sin i ***° 
where P is the intensity of the wind 
pressure in lbs. per sq. ft. upon a surface 


clination of any plane surface to this di- 
rection; P,, is the normal pressure, P,, the 
horizontal component of this normal pres- 


| sure, and P, its vertical component. 


That is, if the wind blows horizontally, 


If we take P40 Ibs., which probably al- 


various inclinations of roof surface : 


—_ - Lbs. per square foot of surface. 
P n 


— 
~ 
a 
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The load at each joint may be taken as 
equal to the pressure of the wind striking 
a surface whose area is equal to that por- 
tion of the roof supported by one bay of 
the rafter, and inclined at the same angle 
as the tangent to the rib at the joint. 
Thus we can calculate P,, P,, P;, and P,, 
[Fig. 6], resolve these forces into their 
horizontal and vertical components, and 
find the reactions at the supports as well as 
the horizontal force at the left abutment, 
which in our construction is supposed to 
be fixed. Should the wind be supposed 
to blow from the right side, the strains 
would be entirely different, and it would 
be necessary to forma second diagram. 
Each piece must be proportioned to resist 
the strains arising in either case. The 
forces P,_, and their horizontal and verti- 


gives the strains for the right-hand half. |cal components, as also the reactions, 


DIAGRAM FOR WIND FORCE, 


11. It is of considerable importance to in- | 
vestigate the influence of a partial load, | 


being known, we can now form the force 
polygon. 





*Iron Bridges and Roofs. Unwin. P. 120. 
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In Fig. 6 (2) we lay off the forces P,,, 
make a ¢ equal to the vertical reaction at 
A, a 6 = the sum of the horizontal com- 
ponents, or the horizontal force at A, and 
o 6 the vertical reaction at the right 
support. This last line should close 
the force polygon and bring us back 
to 0. 

Now starting at the left support, we 
have the vertical reaction ac, the hori- 
zontal force a b, and the wind force P,, in 
equilibrium with A and E. Closing the 
polygon by lines parallel to A and E, we 
obtain the strains in these pieces, E ten- 
sion and A compression. At the next 
apex we have A and P, in equilibrium 
with 1 and B. Completing the parallelo- 
gram, we find 1 compression and B com- 
pression, At the next apex 1 and E are 
in equilibrium with 2 and F, and we find 
F and 2 tension, and soon. The upper 
flanges are in compression and start from 
the ends of the forces P,, P., ete. The 
lower flanges radiate from 4. If we were 
to carry out the construction for the rest 
of the frame, the upper flanges after D 
would radiate from o. 

A comparison of Fig. 6 (a) and (3) 
shows that whereas under uniform load 
the strain in 1 is tensivn, for wind force 
the same brace is in compression. In 
fact in the first case al/ the braces are in 
tension, while in the second 1, 3, and 5 


are compressed, and 3 and 5 quite severely. 


The strains in the bracing generally are 
much greater in the second case. 

Were we to consider the wind as blow- 
ing from the other side, or what is the 
same thing, suppose the right end fixed 
and the left supported on rollers, then 
the horizontal reaction a 6 will be applied 
at the right abutment. In this case the 
lower flanges will radiate from w in- 
stead of 4, and the first upper flange 
will start from o. Supposing the 
first two lines of this new diagram 
drawn, as indicated by the dotted 


lines, and following round from 4 to 0, 
and so round to a and back to 4, it may 
easily happen that the last upper flange 
is in tension and the last lower flange in 
compression ; that is, a complete reversal 
of the ordinary condition of strain. 

For an excellent presentation of the 
above method, we refer the reader to 
Iron Bridges and Roofs, by W. C. Un- 
win. Pp. 128-140. The above method 
is there referred to as “ Prof. Clerk Max- 
well’s Method,” and as such is known 
and used in England.* 


Fic. 7.(a) 
A 











P 
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BRIDGES. 

12. For bridges the strains due to a uni- 
form load are of course easily found. In 
most cases a rolling load can be managed 
also without making a separate diagram 
for each position of the load. Thus, if we 





* Phil. Mag., April, 1864, and a Paper read before the 
British Association for the Advancement of Science, by 
Prof. Maxwell, in 1874. 

For a thorough application of the method to Roof 
Trusses, see also an article by Skiesz, Der Ci vilingenieur, 
20 Vol., Viertes Hest. 
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diagram the strains for the load at the 
first and last apex, the strains due to in- 
termediate loads will be multiples or sub- 
multiples of these. A calculation for a 
simple Warren girder of small span, and 
a consideration of the reaction for each 
position of the load, will at once illustrate 
what is meant. [Compare Stoney, Zheory 
of Strains. Pp. 99-111, Vol. T.] 

Thus Stoney, in his Theory of Strains, 
Vol. L, p. 99, gives the girder represented 
in Fig. ~ span, 80 ft., depth of truss, 5 ft., 
8 equal panels in upper flange, 7 in 
lower. 

For the first weight of 10 tons, P,, the 
strains are given by Fig. 7 (a) to a scale 
of 10 tons to an inch. We form first the 
force polygon by laying off from o 10 
tons, to P,, From the end of this line 
we lay off upwards the reaction at right 
abutment=; of 10 tons, or 1.25tons ; and 
then the reaction at the left abutment= 
3 of 10 tons, back to 0, thus closing the 
force polygon. [Note. —In an y structure 
which holds in equilibrium outer forces, 
the force polygon must close. If it does 
not, there is no equilbrium, and motion 
ensues.]| Commence with the reaction at 


ain the frame diagram, Fig. '7, because 


DIAGONALS. 





here we have a known reaction, 0a (force 
polygon), and only ¢wo unknown strains 
to be determined. Drawing lines paral- 
lel to A and 1, we obtain the strains in A 
and 1. Then pass on to apex & With 
the now known strain in 1, we can deter- 
mine 2 and E. 

Passing now to the next apex, we have 
A and 2 known, and also the weight P.. 
Join therefore P, and E [Fig. 7 (a)] by 
lines parallel to B and 3. B and 8 are 
both incompression. We find diagonal 2 
also in compression, and 1 ten-ion. That 
is, the diagonals under the weight are 
compressed, as evidently should be the 
case. From 4 on we have tension and 
compression alternately. 

Fig 7 (6) gives the strains due to the 
last position of the load P,. The strains 
in the diagonals are evidently all equal, 
and alternately tension and compression. 

It is not necessary to construct more 
than these two diagrams. From these 
alone we can determine the strains for 
any intermediate weight. Thus scaling 
off the strains in Fig. 7 (a) and (6), we 
can tabulate them under P , and P,, a 
shown by the table. Now the eadine 
at the left abutment due to P, is twice as 


C 























eat as that due to P;. Hence the values 
in the column for P, will be twice as 
great; in the column for P, three times 
as great, and so on. For similar reasons 
the strain in 5 for P, will be twice that 
for P,. In column P,, then, from 5 down 
we multiply the strains in P, by2. InP, 
from 7 down by 3. Thus we fill out the 
table of strains completely, and find the 





maximum tension and compression. 
similar procedure will give the flanges. 


APPLICATION TO AN ARCH, 


13. For a “braced arch” (Stoney, p. 136) 
as represented i in Fig. 5 (c), the strains in 
every piece due to any load are in similar 
manner easily found by first finding the 
components of the load acting at the 
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\ /j| <a) abutments, and then proceeding as above. 


4 
/ Thus for a load P,, the left half of the 
/| arch is in equilibrium with tlie forces act- 
ing upon it; viz., a horizontal and a down- 
| ward force at a, and a horizontal and an 
|upward foree at A. The resultant of the 
| forces at @ must then pass through, and 
be equal and opposite to the resultant at 
A. The resultant at the right abutment 
must pass through that abutment, and 
|also the intersection of P, with Aa. So 
for any other force, as P,, we have sim- 
ply to draw B a to intersection with 
P,, and then P, A. We can now de- 
compose P, or P, along the resultants 
through the abutments, Thus resolving 
|P, along A a and P, B, we find the force 
jacting ata. This force resolved into A 
|and 1 gives the strains on these pieces 
| both compressive. Passing then to the 
/next apex, we obtain the strains in 2 and 
|E. Then to the next, and we get 3 and 
|B, compression and tension respectively, 
}and so on, as shown by diagram, Fig. 5 
| (e), which, it will be seen at once, is simi- 
|lar to Fig. 5 (a), already obtained for the 
|*semi-arch,” except that the strain in A 
is less than for the semi-arch and com- 
pressive, while B ¢ and D are in tension. 
The reason is obvious. At a|Fig. 5 (c)] 
| the resultant lies between A and 1, and 
|therefore causes compression in both, 
|while it passes outside of the arch en- 
| tirely, to the right of the apex for diag- 
| onals 3 and 4, and hence causes tension 
in Be and D. Fig. 5 (d) gives the 
strains due to P,. Here the resultant 
or reaction at A is first found and re- 
solved into g and H, and then we go 
| through the frame as before. We see that 
|4 and 5 under the load are both com- 
| pressed, that E and F are in tension and 
|G and H, as also the entire upper chord, 
|in compression. The work checks from the 
fact that the line closing the polygon 
formed by E and 2 should be exactly par- 
allel to and give the strain in diagonal 1, 
or A and 1 should be in equilibrium with 
the resultant through a [see Fig 5 (d)]. 
In every case of the kind we first, 
then, have to draw the frame diagram. 
Then lay off the force polygon which 
| should close. Finally we construct the 
strain diagram. The frame diagram 
|should be taken to as large a scale as 
possible consistent with reasonable size, 
and the scale for the force and strain dia- 
grams as small as possible, consistent 


ing i 
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with scaling off the strains to the requi-| Fig.) and let a be the centre of moments. 


site degree of accuracy. A small frame 
diagram does not give with the proper 
accuracy the relative positions and in- 
<linations of the various pieces, so as to 


The moments of the strains in 7 and H 
are of course zero, since these pieces pass 
through a. The moment of the strain in 
D with reference to a must then be bal- 





ensure the proper direction for the lines| anced by the sum of the moments of the 
of the strain diagram. A slight deviation | outer forces acting upon the portion to 
from parallelism causes sometimes con-| the left (or right) of the section. 
‘siderable variation. Nevertheless with | Thus, strain in D multiplied by its 
practice, care, and proper instruments the | lever arm with respect to a, is equal to 
accuracy of the method is surprising; even | moment of reaction at A, minus sum of 
in complicated structures, the variation|the moments of loads between A and a, 
resulting from performing the operation | all with reference to a. If we take rota- 
twice being inappreciable. Every sym-|tion in the direction of the hands of a 
metrical frame gives also a symmetrical | watch as positive, and we find the mo- 
strain diagram, and the accuracy of the/ ment of strain in D negative, it shows 
work is tested at every point by this | negative rotation about a, and the strain 
double symmetry, and finally by the end | in D to resist this rotation must act away 
or last point of the second half, exactly | from b, or be tensile. If the resultant 
coinciding with the last point of the first | rotation of the outer forces is on the 
half. Thus in Fig. 6 (a), if we had but| other hand positive, the strain in D must 
one system of triangulation carried | act toward 6b, and D is therefore com- 
through the frame, the strain diagram | pressed. 
for the right half would be precisely sim-| This method of calculation, it will be 
ilar and symmetrical to that already | observed, is both simpleand general. It 
found for the first. and the end of the|can be applied to any structure, when 
last line would fall, or should fall, pre-| the outer forces are completely known, 
cisely upon the point d of the first. If|and only three pieces are cut by the 
it does not, and the error is too great to| ideal section. 
be disregarded, by checking. correspond-| 15. It is unnecessary to give further 
ing points in each half, we can find the| applications of our graphical method. 
oint where the error was committed.|The reader can easily apply it for him- 
n any case errors do not accumulate. | self to the “ bowstring girder,” bent crane, 
Thus, armed with straight edge, scale, | etc., and satisfy himself as to its accura- 
triangle, and dividers, we can attack and | cy, and the ease with which the desired 


solve the most intricate problems, with- 
out calculation or tables, with ease, accu- | 
racy, and great saving of time. 


results are obtained. 
Enough has been said to indicate the 
many important applications which even 


|at the very commencement of our devel- 

eee SP SEaesews. |opment of the graphical method we are 

14, The results obtained by the above | enabled to make, and here we shall close 
method are best checked in general by| our discussion of forces lying in the 
Ritter’s “method of sections,” [Dach| same plane and having a common point 
und Brucken Constructionen]. This con-| of application. As we pass on to forces 
sists in supposing the structure divided | having different points of application, we 


by a section cutting only three pieces. 

e can then take the intersection of two 
of these pieces as a centre of moments, and 
the sum (algebraic) of the moments of 
all the exterior forces, such as reaction, 
loads, etc., upon one of the portions into | 
which the structure is divided by the| 
section, with reference to this centre of 
moments, must be balanccd by the mo- 
ment of the strain in the third piece, with 
reference to this same point. Thus in Fig. 
‘6., Pl. 2., required the strainin D. Take a 
section through D 7 and H (right half of 





shall have occasion to develop new prin- 
ciples and relations not less fruitful and 
useful in their practical results. 


TELEGRAPH cables have been laid dur- 
ing the year between Jamaica and Porto 
Rico, and another short West Indian sec- 
tion, also between Constantinople and 
Odessa, between Zante and Otranto, and 
between Barcelona and Marseilles. The 
amount of mileage added to the subma- 
rine system has been very great. 


. 
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MECHANICAL ENGINEERING.* 


From “ Engineering.” 


Wuat is the profession of a mechanical | 
engineer? What is meant by “ engin- 
eering?” That question was put, and it 
was answered many years ago, by a man 
whose works on engineering subjects are | 
text-books even at the present day. 1) 
mean by Tredgold, who for the Institu- 
tion of Civil Engineers gave this defini- 
tion, that “engineering is the art of 
directing the great sources of power in 
nature for the use and convenience of 
man.” Accepting this definition, let us 
see whether mechanical engineers have 
to any and to what extent carried out 
and fulfilled the obligations they took 
upon themselves when they became mem- 
bers of a profession which exercises such 
an art. 1 believe in answering that ques- 
tion we may, without boasting, say that 


commence with that which is still the 
masterpiece of mechanical engineering, 
the steam-engine, I cannot say that it 


has been invented within this period, be- 


cause doubtless it existed some little time 
before, not only for pumping purposes, 
but also to a very small extent for man- 
ufacturing purposes; but I may safely 
say that its practical application to these 
latter purposes has taken place within 
this century. Steam navigation is of 
even more recent origin; while the be- 
ginning of railways is, to men of my age, 
as it were a thing of yesterday; and the 
establishment of the electric telegraph is 
within the recollection of all but our 
youngest members. The science of san- 
itary engineering, although claimed, and 
perhaps properly claimed, by the civil 





mechanical engineers have, to avery large 
extent, fulfilled the obligations imposed 
on them by their profession. Let us re- 
view, as briefly as possible—so briefly 
indeed as to make the review little more 


than a list of the names of the subjects 
we shall notice—what has been done by | 


the mechanical engineer. Happily for} 


engineer, depends so largely, especially 
in those parts of it which relate to the 
distribution of water, and to warming 
and ventilation, upon the aid of the me- 
|chanical engineer for pumping engines 
/and other purposes, that it demands to 
be mentioned among the matters con- 
nected with our profession, as does also, 


my purpose, we may confine our thoughts | which is almost a branch of sanitary en- 


to a limited range of time, for in our pro-| 
fession, unlike that of the sculptor, the, 
painter, or the architect, we have not to| 
go back to past ages to find its triumphs | 
—in fact, so little is to be gleaned from 
antiquity that I will not be tempted even 
by the name of Archimedes to advert to 
ancient engineering, but I will at once 
limit myself to a time so recent that it 
shall not carry us back to a date anterior 
to the lives of some of our present mem- 
bers, not anterior indeed to the lives of, 
two of our past Presidents—Sir William 
Fairbairn and Mr. Robert Napier—both 
gentlemen who happily have contributed 
their fair share, and more than their fair 
share, to engineering progress. I will 
even take a shorter period than that in- 
cluded in the lives of our venerable 
friends, and will ask you to bear with me 
no longer than while I mention some few 
of the leading mechanical matters belong- 
ing to the nineteenth century only. To 





*Inaugural address before the Institution of Mechanical 


gineering, the distribution of light by 
those gas works which, from first to last, 
are the product of the mechanical engin- 
eer’s skill. The supplying of water by 
the aid of the mechanical engineer dates, 
it is true, from long before the commence- 
ment of this century, but the steps that 
have been made towards the perfecting 
ot such a supply are so great that the 
matter may almost be treated as if it 
were entirely within the period of which 
I am speaking ; while the practical manu- 
facture and transmission, though not the 
very first production of gas, are quite 
within that period; as is also (when con- 
sidered as a science) the getting rid of 
our sewage. Butto the mechanical en- 
gineer we owe not only the laying on of 
light, as that word is ordinarily under- 
stoud, but we owe to him the greatest 
improvements in laying on light to the 
mind, for we owe to him the steam print- 
ing-press, a machine which has developed 
from the early inventions of the father of 





Engineers by the President, F, J, Bramwell. 


one of our oldest and most distinguished 
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members, one of the founders of this in- 
stitution, Mr. Cowper, to the admirable 
machine by which Zhe Times newspaper 
has for some years past been printed ; 
and if the mechanical engineer had done 
no more than invent the steam printing- 
press, he would be justly entitled to the 
gratitude of the whole world. But the 
steam printing-press would have been a 
useless implement if paper had not been 
forthcoming in proper quantity and in 
proper form. Hand-made paper, it is 
true, might have sufficed, and did suffice 
for earlier constructions of printing ma- 
chines; but the machine-made paper, 
another invention of the period unde 
consideration, is, as you all know, an in- 
dispensable adjunct of Zhe Times print- 
ing machine, as one of the great excellen- 
cies of that machine is the dispensing 
with the intermittent feed of separate 
sheets, and the substituting for it the 
continuous feed of a continuous sheet of 
miles in length. Within this century— 
in fact, within the last few years—we 
have had the mechanical engineer largely 
aiding the civil engineer. [ have said 
*‘aiding,” but, in one instance at least, 
“aiding ” is far too weak a term to apply 
to the position of the mechanical engineer 
in relation to the civil engineer, for it 
would not be too much to say that, by 
the production of the locomotive engine, 
the mechanical engineer “ created” the 
civil engineer, so far as that important 
branch of the civil engineer’s business is 
concerned, the making of railways. In 
numerous other matters we have had the 
mechanical engineer really “ aiding” the 
civil engineer, and especially in those 
appliances which have rendered practi- 
cable the performance of subaqueous 
works, such as our forefathers never 
would have dreamt of as possible. We 
have had him aiding the miner and the 
collier; and we have had him, by im- 
proved machinery, aiding the metallurg- 
ist; and upon this head it will suffice to 
mention the names of Neilson, Bessemer, 
Siemens, and Nasmyth, famous for their 
respective improvements in furnaces, in 
decarbonizing iron, and in treating the 
produce of the furnace, when that pro- 
duce is malleable, by the steam hammer; 
and were it needful to prove to you the 
vast scope of the mechanical engineer’s 
profession, I might do it by taking in 
contrast to such an improvement as that 








of the huge steam hammer, the delicate 
mechanical inventions which have been 
applied to the production of the finest 
thread, and to the use of that thread in 
the sewing machine. In fact, the talent 
of the mechanical engineer may be liken- 
ed to the trunk of the elephant, which, 
as we all know, has been said to be com- 
petent to “root up a tree or to pick up a 
pin.” The matters I have as yet noticed 
have all;been connected with peaceful 
art, but the mechanical engineer has not 
confined himself to those alone, for we 
have had men, members of our body, 
past presidents of this institution—Arm- 
strong and Whitworth—devote their 
powerful minds to devising weapons to 
enable us to defend ourselves against 
aggression. I will not detain you by 
more instances. I cease from further 
enumeration, not because the subject is 
exhausted, for that is well-nigh impos- 
sible, but because Iam sure I have said 
enough to show you that, within the 
present century, the profession of mechan- 
ical engineering has originated matters 
of the highest value. But, if the subject 
of the inventions of the mechanical en- 
gineer is all but inexhaustible, that of 
the matters to which those inventions are 
applicable is absolutely so, and thus, as it 
is impossible to make any summary of 
them, I will, in sheer despair at their 
multitude, content myself with a bare 
recital of a few only of the benefits that 
we receive from those applica:ions, and I 
will begin with mental benefits, benefits 
in the interchange of thought, and will 
only take one branch of them, that of the 
publication and transmission of news. 
Let us look how this is accomplished. 
The railway or the steamboat brings de- 
tailed intelligence, the essence of which, 
however, has been brought before by the 
electric telegraph. The news is put into 
type, but even this now is done by the 
aid of machinery, which arranges the 
separate loose types in their proper order. 
From these is taken a paper mould, in 
which castings of stereotype metal are 
obtained in quick succession, and in the 
course of a few minutes, by the aid of the 
planing machine and the lathe, these 
castings are fitted into the steam printing 
a I have mentioned, and thus in 
ess than an hour after the completion of 
the “composition,” four or five presses 
may be at work, printing each its 10,000 
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copies an hour. No sooner is the print-| 
ing done than the railway again comes | 
into play, to distribute the papers through 

the country, and the telegraph also comes | 
into play to furnish copious extracts of| 
all the principal matter to the newspapers | 
throughout the provinces. 

To the railway, to steam navigation, 
and to the telegraph we owe the break- 
ing down of the barriers called space and 
time, which separated nations and indi- 
viduals, and to these inventions, therefore, | 
we owe the enormous extension of com- | 
merce and of personal communication. | 
By the aid of the mechanical engineer we 
obtain our fuel, for not only is he required | 
in keeping our mines free from water, in | 
raising the fuel to the surface, and in 
maintaining efficient ventilation, but to 
him we owe such machines as those of 
Mr. Firth and others, by which the most 
trying part of the labor of getting coal 
is transferred from sensitive humanity to 
inert iron and steel. To the mechanical 
engineer we owe, by the aid of the fuel 
so obtained, the mastery over all the in- 
tractable metals, whether as in the case | 
of cast iron extracted from the ore in the 
furnace with its heated blast, and deliv- 
ered in the form of “ pigs ;” whether con- | 
verted from that form by streams of air 
at high pressure, as by Bessemer, or| 
whether obtained from the ore at once in 
the form of steel or iron as by Siemens. 
Having got the metal separated from the 
ore, to the mechanical engineer we owe | 
its shaping into all the desired forms, | 
whether for rails, ships, guns, engines, or 
for use in our dwellings, and as regards 
the other materials we employ in those 
dwellings, the inventions of the mechan- 
ical engineer dress the stone, make the 
bricks, saw and plane the timber, and | 
mould it into gracious forms. As for our | 
clothing, from the very coarsest fabric to | 
the most delicate lace, the hand of the | 
mechanical engineer has been engaged on 
every stage of the manufacture, and the 
materials thus made are united to form | 
garments by the now all but universal 
sewing machine, a machine which in itself | 
Is a study, and has varieties so great as to | 
enable it to cope with the finest fabric or | 
even with the thick and obdurate leather | 
forming the sole of the stoutest boot ; but | 
not only do we owe to the mechanical | 
engineer the preparation of our dwellings 
and of our clothing, but we owe to him 


the very greatest aid in the production 
of our food ; for it is with his assistance 
that we till the ground, that we sow it, 
that we cut the crop, thrash out the grain, 
and convert the product into bread—in 
short, it is no exaggeration to say that 


| there is no one want, one comfort, or even 


one luxury that is not either directly or 
indirectly dependent on the mechanical 
engineer for its production, or for the 


bringing of it within our reach. [ have 


thus, in as condensed a form as possible, 
brought to your notice some few things 
that mechanical engineers have done, and 
some other things which result from the 
use of their inventions; and I think that 
a consideration of these must make us all 
proud of our profession. I know that 
pride is commonly held to be bad, or if 


/not absolutely bad to be dangerous; but 


there is to my mind the greatest possible 
difference between individual pride and 
pride in one’s profession. In the case of 
individuals we must all appreciate the 
value of modesty, and it seems to me that 
that modesty may, in fact must, be a re- 
sult of the very pride we take in our pro- 
fession; for when we reflect upon it is it 
not impossible for any one of us to re- 
frain from asking himself, “What have 
I dene to advance our profession?” 
The very best of us must answer, “I 
have done but little;’ and most of 
us must answer, “I have done noth- 
ing;” and thus it is that, as I have 
said, a consideration of the dignity and 
importance of our profession is the means 
of all others to make us as individuals 
modest, dissatisfied with ourselves, de- 
sirous of doing better. With respect to 
the desire of doing better I am aware one 
is apt to say, “ What chance have I? 
What is there great that is left to be 
done? Those men who have gone before 
have anticipated me; the grand substan- 
tive inventions and improvements have 
been made by them; they have reaped 
the harvest, and there is nothing but the 
corners of the field for me to glean.” But 
this feeling, although natural, is one that 
should not be yielded to. Depend upon 
it, such a feeling is the suggestion of our 
evil genius; for although [ cannot indi- 
cate to you what will be the grand in- 
ventions that will be made in the course 
of the next fifty years (for if I could I 
should go a long way towards being a 
great inventor Bat ), nevertheless we 
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know that within the next fifty years | mining engineers, who we are happy to 
great inventions will be made, and we/ know are holding their meeting in this 
are sure that any one then looking back | town contemporaneously with ourselves. 
on the condition of things in engineering | Coal is one of “the sources of power in 
science at the present time, and compar-| nature.” It may be considered (as our 
ing it with that which he will then know | past President, Dr. Siemens, explained 
of, will wonder how it was that the men | last year in his lecture at Bradford) the 
of this day failed to make many a grand | representation of the stored-up heat of 
discovery which at that time to him will | the sun; and it is part of our art to direct 


be as familiar as the steamboat or the lo- 
comotive isto us. But although I am 
necessarily unable to predict to you what 
will be the great substantive inventions 
of the future, it is within my power to 
remind you of many useful directions of 
improvement, First, the great question 
of the preservation of our fuel, which, at 
the risk of impropriety in repeating my- 
self, I must call the very “ breath of the 
nostrils” of our principal machine the 
steam engine. About 120 millions of 
tons of this most valuable substance are 
raised to the surface in our small island 
every year. Such a quantity as this fairly 
staggers the imagination; and it seems 
incredible that the deposits below this 
minute portion of Europe can long hold 
out against such an annual attack, and 
one cannot help asking oneself, Is this 
ony honestly used—is it honestly 
got? By that primary question “Is it 
honestly got ?” Ido not mean “honest- 
i in the dry legal sense —that is to say, 

do not mean that any law is infringed, 
or that any person is doing wrongfully 
so as to be amenable to our Courts of 
Justice; but I mean is it got honestly as 
between man and man, as between our- 
selves and those who are to come after 
us? Do we not work coal pits with no 
other object than that of obtaining the 
utmost present profit out of them? do 
we not thereby leave behind the less im- 
mediately valuable coal, and, leaving it 
unassociated with that which is more 
profitable, render it all but impossible for 
those who come after us to get, except at 
too greata cost? Whereas we might by 
a small present sacrifice extract a great 


that source of power for the use and con- 
venience of man, and we have so directed 
it by employing it in the steam engine. 
But have we not in consequence of the 
facility of its application been tempted to 
neglect other sources of power in nature ? 
Have we and do we sufficiently utilize 
the waterfall, the tidal wave, and the force 
of the wind ? and with respect to the em- 
ployment of these forces we should re- 
member that we are enabled to utilize 
water power in a way which to the en- 
gineers of the last century was unknown. 
They availed themselves of the waterfall 
—indeed, it was their chief source of mo- 
| tive power; but they were compelled to 
|place their manufactories close to the 
| falls. We, however, know that it is per- 
|fectly possible to transmit (at some cost 
| by loss of. power, it is true, but not at a 
| prohibitory cost) power to very long dis- 
itances, The transmission, so far as in- 
| vention has at present gone, may be made 
by exhaustion of air,as practised by Hague 
40 years ago, by the compression of air, 
by rocking rods, by swift running wire 
ropes, and by the employment of water 
under pressure as practised by Sir William 
Armstrong. But do we resort to all those 
facilities for transmitting power from a 
distance? Do we resort to any large 
extent to sources of power in nature 
other than coal? Is it not the fact that 
mechanical invention has gone back in 
these matters rather than forward ? and 
'do we utilize that primary source of 
| power, the heat of the sun, the current 
|heat from year to year, by making the 
|most of barren hillsides, as, it seems to 
|me, we might do by planting quick-grow- 














deal of that which now we think not|ing trees, which, fostered and matured 
worth obtaining. And cannot the skill| by the sun, would yield large quantities 
of the mechanical engineer come in here| ot wood to be coal as fuel for domestic 
to work seams which manual labor is not | purposes? Are we estimating at their 
able to touch without the reduction of | full value the deposits of peat? and are 
the present gain? I will say no more on| we not tempted to pass by this large store 
the subject of “ getting” coal, as I do not | of fuel because its use is attended with 
wish to trench upon the especial province | difficulties? In those cases where coal 
of our brethren the North of England | must be used for power, has it not to be 
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admitted that in far too many instances 
it is recklessly, wickedly employed ; that | 
the engines are, in their design and con- | 
struction, disgraceful; and that a con- | 
sumption obtains equal to four, five, or| 
even ten times that which would suffice | 
with proper engineering care? In the | 
same way when we employ coal for heat- | 
ing purposes only, such purposes as me-| 
tallurgical operations demand, is it not in 
too many instances used in the grossest 
manner? How much of the fuel goes up 
the chimneys of our furnaces uncon- 
sumed in the form of visible carbon, or| 


this character have of late years been 
made by others than myself, and I per- 
sonally ions made them before another 
scientific meeting ; but the truth is that 
my mind is so forcibly impressed with 
the importance of the question that 
I hardly know how to refrain from al- 
luding tu it, especially when I have the 
opportunity, as I have now, of addressing 
a body of gentlemen who of all others are 
those who can do most towards curing 
the evils of which I have complained; 
and further, in excuse of my having to 
some extent —— myself on this sub- 


in the worse, because less detectable, form | ject, I will ask you to remember that 
of invisible carbonic oxide? How much | however important a reform may be, it is 
of the heat of the coal escapes uselessly | not brought about by a single statement, 
into the air in jets of flame, which in the|although the facts contained in that 
night time throw their light around for | statement may be absolutely incontrover- 
miles? It cannot be doubted that we/tible, but that improvement and reform 
have been and still are, although I believe | need for their carrying out repetition and 
and trust we are improving, most cruelly | reiteration of the circumstances which 
wasteful, and, as I have said, wickedly | render such reforms necessary. I have 
wasteful. It pains me when [ hear a man | occupied so much time in this question 
talk of “only a bit of coal;” he cannot | of the improvements which might be ef- 
think of what he is saying. “Only a bit | fected in relation to the getting and use 


of coal!” Only a bit of that which might | of coal, that I will merely, in a tew words, 
have helped to gladden some man’s fire-| allude to some other directions of im- 


side. “Only a bit of coal!” Only a bit | 
of that which if not wasted but properly 

used might have helped and might have | 
succeeded in saving some noble vessel 

with all its brave crew from perishing on | 
alee shore. “Only abit of coal!” Only | 
that which might have assisted in wring- 
ing the bright metal from the sullen dross 
with which it had been associated for 
countless ages. “Only a bit of coal!” | 
Only that which has been got at the peril 
of men’s lives, and not at the mere peril 
but at the actual cost of men’s lives, for 
ten men die violent deaths for every mil- 
lion of tons raised. “ Only a bit of coal!” | 
Only part ofthe store which the Almighty | 
had buried in the recesses of the earth to | 
be treasured up there for the use of gen- 
eration after generation. It really is 
grievous to hear men talk slightingly of 
“only a bit of coal;” and I think it be-| 
comes us mechanical engineers, by pre-| 


cept, practice, and example, to do all that 


provement within the scope of our pro- 
fession. One of these is the substitution 
of mechanical force for that of manual 
labor in all cases where the labor is that 
which though rendered by man does not 
demand the exercise of human intelli- 
gence—mere brute labor—as when men 
are employed to raise weights. We are, 


however, so used to this that we are not 


shocked at the sight of a man turning an 
ordinary crane; but when, as in years 


gone by, one might have seen in the Lon- 


don Docks, and when, as I have recently 


|seen on the Continent, men are perfurm- 


ing the same work by working inside a 
tread-wheel and causing it to turn, we 
involuntarily think of the turnspit, and 


are compelled to admit that this is mere 


brutal labor—labor indeed to which we 


|put our convicts as a punishment; and 


one feels that a man like Sir William 
Armstrong, who by his invention trans- 
mits the force of a central engine in some 


lies in our power to cause persons to re-| large dock, or on a quay side, to all the 
spect and to understand the value of that | cranes and hoists within its area, is a ben- 
which they have but too long lightly |efactor to the human race, because, hard 
treated and grossly abused. I feel I owe|as it may be at the time of the change, 
you apology, or at least explanation, for| he has by his invention rendered it im- 
ithe remarks which I have made upon | possible for a man to earn his bread b 
ithe saving of coal, because remarks of | the exertion of muscular strength with- 
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out the exercise of intelligence, and there- 
by he is really doing his part in the pro- 
gress of humanity. There is another 
class of labor, which, although it de- 
mands high skill, and therefore does not 
come within the category of brutal labor, 
but is far from it, yet on account of its 
fatiguing and exhausting nature one 
would wish to see superseded. I allude 
to such labor as that of the hewer of coal, 

and to such labor as that of the puddler. 
In these two instances, however, we are 
happy to know that we are far on the| 
track of substituting mechanical appli- | 
ances for the arm of the workman. ‘Then | 
there are open to our members improve: | 
ments in the comfort and in the safety of | 
our travelling by land or by sea. I trust 
I am not too sanguine when I say that I | 
hope for greater speed i in both those modes 

of journeying, for greater comfort, even 
in the mastery of sea-sickness, and for 
greater safety by better signals and by im- 
proved modes of communication between 


those on the train and those in the station | 
or signal houses, and by better means of 
rapidly and safely arresting the speeds of 


trains. Again, I think one m: ry look for 


more satisfactory modes of uniting ma- | 
terials. In the constructive arts, there is | 


no doubt that the uniting of the mater- 
ials is as supremely an important part as 
in the construction of a sentence is the 
verb; in fact, it is a mere truism to say 
that without the means of uniting, con- 
struction is impossible, unless construc- 
tion were confined to that of those form- 
erages into which I have said I would 
not travel, where it meant little more 
than placing one stone upon another. It 


is, I must say, a disgrace to mechanical | 


engineering that we cannot unite such 
materials as iron or steel without the| 
barbarous expedient of cutting away a 
large percentage of their strength by | 
making holes to admit of the insertion of | 
bolts and rivets, and we ought to be able | 
to devise means of union by welding, 
which should almost entirely supersede | 


our present very primitive mode of pro-| 


cedure. The foregoing are all matters 
for ourselves alone, but there are others 
where either alone or in conjunction with 


the chemist there is obvious room for} 


improvement; such are the making use 


of the so-called, and in most cases most | 
"| may prove sources of danger to the ad- 


improperly so-called, “waste products’ 
of our various manufactures, the getting 


rid of gases and fumes deleterious to 
health, the obtaining of purer water in 
our dwellings, and the saving of metal in 
metallurgical operations, for too surely 
do we now needlessly waste, in many of 
those operations, the very metal which 
should be their product. I will not con- 
tinue further these suggestions, but will 





only repeat that, in the absence even of 


great substantive discoveries, such im- 
| provement affords wide scope for the me- 
| chanical engineer, and therefore the pros- 

| pect of those who are to follow us is by 

no means a gloomy one, and it must be 
remembered that those men will come to 
the subject with advantages which very 
few of their predecessors possessed, 
| Most of us had to rely on our innate love 

‘of the profession and our mother wit for 
|all that we have done. Technical educa- 

tion in our day was a thing unknown, 
|and scientific education fell to the lot of 
| but few; but those who succeed us have, 
or if they have not it is their own fault, 
the advantages which were denied to us 
of scientific training, and therefore, as I 
have said, they not only have a wide 
field before them, but there is good reason 
‘to believe that by their training they 
have every facility for cultivating it. 
While on this subject, I cannot refrain 
from saying that the success of the men 
of the past generation, in the absence of 
special training, was, I believe, in a large 
measure due to this—that they became 
engineers literally because they could 
not help it; that the taste for it was born 
with them, and that their very natures 
compelled them to follow that taste, and 
when men enter the profession from such 
causes as these it is not surprising that 
| they succeed, even in the absence of ex- 

traneous aid. But now-a-days it is too 
| commonly the fact, I am afraid, that a 
|man becomes a mechanical engineer as 

he might become a wine merchant or a 
| stockbroker, because his father wants him 
to earn his livelihood in some way, or 
because he has got capital at command, 
and not because he has the real love of 
the profession in him. Such a man may 
‘succeed, but if he do he will do it asa 
mere manufacturer, about whom and 
about the subdivision of our profession I 
now wish, in conclusion, to say a few 
words, as they are both subjects which 


g|vancement of that profession. Forty 
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years ago the business of a mechanical 
engineer was general, The man who 
made a marine engine, made a locomotive, 
made mill work, and made land engines, 
but within the last few years the business 
of the mechanical engineer has divided 
itself into distinct branches, so that the 
locomotive builder is little more than a 
locomotive builder, or the marine en- 
gineer than a marine engineer. I pre- 
sume such division is the almost inevit- 
able result of the growth of an industry, 
and so long as the productions of that 
industry are not intimately connected 
with science, separation is probably a 
thing to be desired as cheapening the 
article produced ; but in the business of 
the mechanical engineer, closely allied as 
that is to science, the separation of his 
industry into branches appears to me to 
be dangerous. It narrows his opportuni- 





ties of gaining knowledge in his profes- 
sion, and he is in danger of becoming the | 
mere manufacturer. But the division | 
into branches to which I have alluded | 
must, I am afraid, continue. It is most) 
desirable, however, that those who, by 
their commercial practice, are devoting 
themselves to one section alone of the 


mechanical engineer’s business should, 
as a matter of duty, keep themselves 
thoroughly acquainted with the state of| 


. a > . | 
all the other sections of our profession, 


and with the improvements that are being 
made in those sections; and I know of 
no better means of so doing than by their 
lending their heartiest co-operation to 
the advancement of our institution, by 
communicating to it all that is useful 
that comes within their knowledge, and 
by assiduous attendance for the purpose 
of testing, by discussion, the value of) 
that which is brought before the Institu- | 
tion, and of adding by their remarks to) 
the information imparted in the papers; | 
but to those of our brethren who are so| 
absorbed in their business as manufactur- | 
ers that they care not to devote time to 

advancement of the general scientific 

position of the profession, I will still say | 
that they may uphold its usefulness, and | 
even its dignity, by the excellence of the 

products of their manufacture, and let us 

trust that competition, however keen it 

may be, and whether between the natives 

of these islands, or whether between | 
them and the foreign manufacturers, may 

never drive our members to seek come! 


mercial success at the cost of the excel- 
lence of their work, but that competition 
_ have the opposite effect, and may 
make them feel that in a high reputation 
lies the best hope of excelling and of 
gain, and thus competition itself may be 
the means of causing them to discharge 
their duty to the profession of which 
they are members, I fear that in this 
address there are to be found occasion- 
ally the tones of censure mingled with 
those of exhortation, but if this be so, it 
has arisen from my desire to bring before 
you that which I believe to be the truth, 
It is well that some one should bring the 
truth before us from time to time, and 
that in this instance it has been done by 
me is the result of your own act, because 
it is you who have selected me as Presi- 
dent of the Institution. This address 
has grown to a greater length than I had 
intended, such a length, indeed, as to 
make-me feel that I have incurred the 
risk of wearying you and of making you 
impatient by keeping you from the regu- 
lar business of the meeting; but I shall 
not have incurred that risk in vain, if I 
have succeeded in that which I set myself 
to do at the outset—namely, the with- 
drawal of your minds for a short time 


‘from individual interests and pursuits, to 


the consideration of the broad features 
and aims of our noble profession; and if 


\in any way I have stirred you up to re- 


solve to do all in your power to advance 


|that profession to which we are all, I 


trust, proud to belong—the profession of 
the mechanjcal engineer. 





New Wuirte Attoys.—White metallic 
compounds are frequently’ patented, and 
seem for some reason to be more in de- 
mand than those of any other color. 

The following, invented by an English 
metallurgist, Mr. Parkes, of Gravelly Hill, 
is the latest. It is a silver-like alloy 
which can be rolled and worked when 
red-hot from copper, manganese, zine, and 
sometimes nickel. A silver-like alloy 
which will also work at a red heat is also 
produced from nickel, copper, and zine. 
When the silver-like alloy is not required 
to work at a red heat, it may be pro- 
duced from copper, manganese, iron, and 
zinc. A solder for these compounds is 
produced from copper, manganese, and 
silver.—Mining Journal. 
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THE CONDITION IN WHICH SILICON EXISTS IN PIG IRON. 
By MR. E. HANDFIELD MORTON, 


From ‘Journal of Iron and Steel Institute.” 


I was induced to make a few experi- 
ments upon the subject of this paper, by 
noticing that silica was obtained in the 
insoluble residue when pig iron contain- 
ing a large quantity of silicon was dis- 
solved by dilute sulphuric acid in vacuo 
instead of silicon, which might have been 
expected as the result of the decomposi- 
tion of the pig iron under these condi- 
tions. 

This fact appeared to clearly point out 
that the theory of silicon being intimately 
mixed with pig iron was untenable, at 
least as regards this particular pig, which 
was a No. 1 Bessemer iron, containing 
4.612 per cent. of silicon, and was, there- 
fore, not at all unlikely to contain silicon 
in admixture, if that element ever occur- 
red in pig iron in such a condition. 

As far as Iam aware, no experiments 
have been made with the object of prov- 
ing that silicon exists in a state of combi- 
nation in pig iron, although I believe it 
is the generally received opinion that 
such is the case. JI therefore made a 
considerable number of experiments with 
the view of ascertaining how far this 
conclusion was correct. 

Weighed quantities of the Bessemer 
Re iron were placed in sealed tubes with 

ordhausen sulphuric acid, in atmos- 
pheres of carbon dioxide and hydrogen, 
and also in vacuo ; the tubes were then 
heated in an air bath by two Bunsen 
burners for twenty-four hours, but in 
every case the silicon contained in the 
pig iron had been converted into silica, 
and a small quantity of sulphur dioxide 
formed in the tube, which occasioned suf- 
ficient pressure to blow the top off the 
tube when cracked with a file. On ex- 
amining the insoluble residue from these 
experiments under the microscope, per- 
fectly transparent crystals of silica were 
observed interspersed with opaque pieces 
of the same substance. When these in- 
soluble residues were treated with hydro- 
fluoric acid, complete solution was ef- 
fected. 

The next attempt to isolate the silicon 
in this pig iron was made by heating 
weighed quantities of the iron with an 





excess of pure iodine in sealed tubes, all 
air being first displaced by carbon diox- 
ide, the same heating arrangement being 
used as in the sulphuric acid experiments. 
At the end of twenty-four hours, all io- 
dine vapor having disappeared, one of 
the tubes was opened and the contents 
analyzed, wlth the following results : 

76.432 per cent. 

20.013 - 

1.709 6 


SE cakinnaecwenss 0.759 “ 


98.913 per cent. 


Directly the tube was cracked, the 
pressure of gas blew the top off. The 
contents consisted of dull red lumps, the 
whole of the iron having been converted 
into the ferrous iodide, as the above fig- 
ures correspond to the formula Fel,. 
There can be little doubt but that the 
silica which was formed in this experi- 
ment was due to a slight decomposition 
of the carbon dioxide with which the 
tube was filled; the greatest part of the 
silicon having been converted, in all prob- 
ability, into an iodine compound. For, 
although iodine vapor is without action 
upon silicon under ordinary conditions, it 
is highly probably that when silicon in 
the nascent state is presented to iodine 
vapor, a compound of iodine and silicon 
may be formed. These results were con- 
firmed by several other similar experi- 
ments. This pig iron was also carefully 
tested for graphitoidal silicon, by treat- 
ing the iron with hydrofluoric acid; the 
insoluble residue was filtered off and ig- 
nited to get rid of carbon, when a mere 
trace of a dark powder remained, which 
proved to be iron. 

From these results, it may fairly be 
concluded that the silicon contained in 
pig iron does not exist in a state of me- 
chanical mixture, but exists combined 
with a portion of the iron as a silicide of 
iron, in the same manner that carbon ex- 
ists as a carbide of iron, only differing 
from carbon in so far that it does not ex- 
ist in a graphitoidal form in pig iron. If 
the pig iron used had contained any un- 
combined silicon, it would have been 
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found in the insoluble residue from the 
experiments with Nordhausen sulphuric 
acid and hydrofluoric acid, as it is insolu 
ble in even the latter acid, after having 
been strongly heated, and as any uncom- 


bined silicon must have been heated in- | 


tensely in the blast furnace, there can be 
little doubt that as a rule, pig iron does 
not contain any uncombined silicon. 

I then made the following experiments 
in order to ascertain whether or not the 
hypothesis of the combiuation of the sili- 
con with the iron was correct: 0.1694 


rm, of the Bessemer pig iron was placed | 
in a@ platinum boat, which was then) 
A | 


introduced into a porcelain tube. 
current of carbon dioxide was passed 
through the tube to displace the air, after 
which pure dry hydrogen was passed 
through until all the carbon dioxide had 
been driven out. The portion of the tube 


which contained the boat was then heated | 


for five hours to a very bright red heat 


in a Fletcher’s gas furnace, the current of 


hydrogen being maintained until the tube 
was cold. The boat was then withdrawn 
and weighed, when it was found that a 
loss in weight of 0.004 grm. had taken 
place. 
was passed through a wash bottle contain- 
ing a weak solution of pure caustic pot- 
asb (prepared from alcohol) ; at the end 
of the experiment, this solution was made 
acid, and with pure hydrochloric acid 
evaporated to dryness and ignited, when 
an insoluble residue of silica was obtain- 
ed, which gave 0.344 per cent. of silicon 
on estimation, The iron in the boat 
(which after its withdrawal from the tube 
showed no sign of oxidation) was ana- 
lyzed with the following results : 


| ee 


92.018 per cent. 
Silicon. : “ 


4.130 


_ For comparison with the above analy 
sis, is subjoined that of the pig iron used : 


“cc 


Iron (by difference)... . 92.375 per cent. 
0 


Graph. Carbon 
Silicon 


““ 
“é 
“ 


100.000 


This shows that there is a loss of silicon 
to the amount of 0.482 per cent. 

The above experiment was repeated 
several times with almost identical results. 


The gas, as it left the apparatus, | 


It will be observed that the amount of 
silicon found in the caustic potash solu- 
tion very nearly corresponds with the 
loss of silicon sustained by the iron oper- 
ated upon. Thus, 4.130 per cent. + 0.344 
per cent. = 4,474 per cent. silicon, instead 
of 4.612 per cent.; the difference being 
0.138 per cent. 

In the event of the silicon being in com- 
bination with the iron, I calculated in the 
above experiment upon the reducing power 
of hydrogen being able to decompose the 
silicide of iron, with the formation of si- 
licuretted hydrogen, which would be de- 
composed by the caustic potash solution ; 
and this appears to have taken place. 
Possibly the temperature of molten iron 
is required to effect the decomposition of 
the whole of the silicide of iron, or else 
the attraction of iron for silicon is so 
strong as to defy, in a great measure, the 
reducing power of hydrogen, This last 
hypothesis is by no means improbable, 
when the high temperaiure of molten iron 
is taken into account, for the fact is gen- 
erally admitted that chemical affinities are 
frequently reversed in the presence of an 
intense heat. 

A sample of white pig iron containing 
a large quantity of silicon having been 
given to me, I thought it might be inter- 
esting to ascertain whether hydrogen had 
the same effect upon the silicon contained 
in the white iron as it had upon that 
found in the Bessemer iron used in the 
preceding experiments, 0.1420 grms. of 
the white iron was heated in the same 
apparatus, and under the same conditions 
as existed in the previous tests, for six 
‘hours at nearly a white heat. When 
|cold, the iron was analyzed, as was also 
|the caustic potash solution, with the fol- 
| lowing results : 

Iron 


89.201 per cent. 
Graph. Carbon......... ” 


1.060 
4.287 
Caustic potash solution: silicon—0.494 per cent. 


““ 


The composition of the white iron used 
is shown by the annexed analysis: 


ecccces e+ 90.000 per cent. 
2.975 “ 
4.704 


2.321 


Grap. carbon 
ee 
Undetermined 


100.000 per cent. 


The amount of silicon found in the 
caustic potash solution is 0,077 per ccut. 
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more than is required to account for the | containing an atom of non-saturated sili- 
loss of silicon sustained by the irons used, | con, or in other words, that the silicide 
which amount may be said to be within’ of iron was super-saturated, and conse- 


the limits of error of experiment. 

The following table shows the amounts 
of loss of silicon sustained by the iron 
used in these experiments, and also the 
quantities of silicon found in the potash 


solutions: 
Silicon found in 
Loss of Silicon. Potash solution, 


Bessemer pig iron—0.482 per cent. .0.344 per cent. 
White « 647 “ . 0.494 ” 


On comparing the results obtained from 
the two kinds of iron used, it is evident 
that the effect of hydrogen upon the sili- 
cide of iron is identically the same in 
both cases, and this has led me to believe 
that the amount of silicon lost by the iron 
in each case is due to the silicide of iron 


| quently the non-saturated atom of silicon 
‘united with the hydrogen, leaving a lower 
silicide of iron undecomposed. ‘Tt is my 
intention to endeavor to prepare and iso- 
late definite silicides of iron. If the ex- 
periments should prove successful, the 
chemical composition of the silicides may 
throw some light upon the forms of com- 
bination of silicon in the various kinds of 
pig iron now in use. 

In conclusion, it may be fairly consid- 
ered from these experiments that silicon 
in pig iron is not contained in a state of 
mechanical mixture (except perhaps un- 
der peculiar circumstances), but as a 
chemical compound of iron and silicon, 
dissolved, so to speak, in the pig. 








IRON 


PIERS. 


From “ The Engineer.” 


Or all braced structures, an iron pier, 
built according to the principles of mod- 
ern engineering, depends more than any 
other for its security and durability upon 
the manner in which the bracing of the 
component parts is designed and execu- 
ted. As the type for an illustration, we 
may select a pier consisting of three prin- 
cipal parts, viz., iron piles, driven or 
screwed; iron superstructure, solid or 
open; and timber platform or decking. 
If we restrict our selection still further, 
and make the foundations cast iron hol- 
low screw piles, the superstructure lattice 


at and around the piles. At home this 
disturbing cause is not likely to occur, 
but it is by no’ means an uncommon event 
in India and other foreign countries, 
where rivers have been known to scour 
out their beds to a depth of nearly 40 ft. 
in a single night. In ordinary cases, the 
| precautions used against the uprooting of 
the piles are a screw blade of sufficient 
‘diameter, the proper pitch of screw, and 
| @ penetration into the bearing stratum to 
,the extent required. The first two of 
| these conditions are generally complied 
with, but the third, from motives of false 


girders, and the decking, narrow planks | economy, is very frequently violated. 
close jointed, we shall probably arrive at | Directors of companies are very prone to 
the description of pier possessing the cut down estimates so closely, that an 
minimum amount of inherent rigidity, | engineer will sometimes cheapen a design 
demanding at the same time the maxi-|in the simplest manner possible. This, 


mum amount of extraneous stiffening and 
bracing, and yet capable of being erected 
with all due regard to both scientific de- 
signing and permanent economy. A pier 
built in the manner described may fill in 
various ways; thus the holding powers 
of the piles may be sufficient; they may 
be bodily uprooted, and the whole super- 
incumbent structure come to the ground, 
or fall into the water, as the case may be, 
and the same result might also be pro- 
duced by the scouring out of the ground 


in the case of an iron pier, is readily 
effected by diminishing the depth to 
which the piles are to be screwed, with- 
,out in the least degree affecting the rest 
|of the structure. Nothing can be more 
injudicious or short-sighted. An engineer 
had better fine down his material, use 
second-rate timber, and employ any alter- 
native to bring, if possible, the cost of 
the structure within the prescribed limits, 
| than diminish by a single inch the hold- 
ing power required for the piles. Dam- 
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age done to the superstructure can be re- 
paired with comparative facility, but if 
a few piles happen to give way, the whole 
structure is in jeopardy. 

While all the component parts of an 
iron pier should present as little surface 
as possible to the action of the waves, yet 
a certain amount of strength, and conse- 
quently of material, is indispensable. But 
it is with regard to the decking that espe- 
cial precautions must be taken to avoid the 


be adopted. When a pier is erected 
solely for the purpose of trade and com- 
merce, and for the loading and unloading 
of goods, it should always be used. What 
we intend to imply is, that its advan- 
tages as a means of increasing the se- 
curity of the structure are frequently 
much overrated; in consequence other 
necessary precautions are neglected or 
treated as of secondary importance. The 


decks of piers intended to serve as resorts 





foree of the sea. Obviously, if the up-| for fashionable promenade, such as those 
ward pressure of the water were once| at Brighton, Hastings, and elsewhere, are 
brought to bear upon the under surface | best closely laid and well caulked. Apart 
of the deck, nothing could prevent it be-| from other considerations, open decking 
ing lifted off the girders, or as it is com- | should be employed whenever practicable 
monly called, blown up. We do not sup-| for reasons of economy. Not merely are 
pose that any engineer would arrange the | fewer squares of planking required, but 
levels of a pier in such a manner that this | the expense of caulking is avoided, which 
catastrophe would happen under ordinary | is a serious item in the total cost. 

or even extraordinary tides. But the} The proper method for obviating the 
question of storms must be taken in con-| dangerous tendency of the waves to blow 
sideration, and in connection therewith | up the deck of a pier is to place it at suffi- 


another point must be noticed. In order 


to blow up the deck it is not necessary | 
that the waves should actually come into 
contact with its under surface, especially | 


if the breadth of the pier be upwards 
of 40 ft. The rising of the sea in a heavy 


storm, together with the violence of the 
wind, may so compress the air in the con- 
fined space between the surface of the 
water and the under-side of the deck, as 
to produce precisely the same result as 
if the waves themselves rose to the deck 


level. It might be imagined that a rem- 
edy against this contingency might be 
easily provided by the simple expedient 
of laying the deck boards with the space 
of about an inch or thereabouts between 


them. Under certain circumstances there | 


can be no doubt that this precaution 
would prove advantageous, but it is quite 
a mistake to suppose that it would pre- 
vent the blowing up of the deck in the 
event of the waves acting during a severe 
storm in the manner already described. 
The suddenness of the shock and the ve- 


locity of its action would easily start or) 


break the planks. Besides, small spaces 
between deck boards after a time usually 
become more or less choked up with dirt 
and grit, so that even the partial advan- 
tage derived from their adoption is con- 
siderably diminished. We are not to be 
unders:ood as condemning the practice 
of employing open decking. On the 
contrary, in certain cases it should always 


| cient height above high-water mark, Here 
|again, from motives of false economy, an 
error is likely to be made. An increase 
in the height of a pier necessitates a cor- 
responding increase in the cost of the 
| whole of the sub-structure, and in some 
instances in some portions of the super- 
structure as well. The pier at Blackpool, 
in Lancashire, is an example in which 
this mistake was originally committed. 
During its erection—which, owing to the 
/unfavorable weather, made at first rather 
slow progress---the storms which occurred 
in the autumnal months indicated that 
the structure was being placed at too low 
a level. Fortunately there was time to 
profit by the warning, and the whole pier 
was raised three feet higher than had been 
originally contemplated. While having 
due regard to the height of the pier with 
reference to the protection of the deck 
|from the action of storms, that dimension 
| must not be increased beyond what is re- 
|quired, not only, for the reason already 
| given, but because the difficulty of access 
is thereby enhanced. So far as a prome- 
nade pier is concerned, this last consid- 
eration is perhaps not of much import- 
ance; but it becomes one of the points 
‘demanding the greatest care and atten- 
tion when the structure is erected to ac- 
commodate the trade of a place. There 
is always a natural desire on the part of 
the proprietors of piers, wharves, and 
| landing-places, to lessen the lift as much 
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as possible, and it is therefore no wonder | head, or at any rate at the first and third 
that under the circumstances the level of | of these points. Too much care and at- 
the surface is sometimes too low. The|tention cannot be bestewed upon the 
cause of the inundation which in March | bracing of the head ofa pier. As a rule, 
last laid under water a large portion of| the heads of piers are too small, and do 
the districts of South Lambeth, on the|not afford that strength and stability 
Surrey banks of the Thames, was the| which they not only require themselves, 
fact that the level of the top of the walls| but which are also necessary to the se- 
of the various wharves was not sufficiently | curity of the rest of the structure. 

high. The extraordinary tide which re- 
curred in the river at that time reached 
in some cases to a height of more than 





a foot over the walls. 

The weakest portions of a long pier— 
that is, one which is not less than a quar- 
ter of a mile in length—are, in a con- 
structive sense, the shore end, or com- 


REPORTS OF ENGINEERING SOCIETIES. 


[ssmrctiox oF Crvi. EncrnEers.—At the sixth 

ordinary meeting of the session 1874~75, held 
}on Tuesday evening, the 15th of December, Mr. 
| Thos. E. Harrison, President, in the chair, the first 
| paper read was on “The New South Breakwater 


mencement, the central part, and the ter-| at Aberdeen,” by Mr. William Dyce Cay, M. Inst. 


mination or head. We may consequently | 
divide a pier into three parts, each of| 
which ought to be able to stand alone} 
without the assistance of the intermedi- 
ate connecting lengths. In other words, 
if we suppose these intermediate lengths 
to be carried away by astorm, these three 
nuclei, or points Pappui, ought to remain 
intact. On the other hand, if the latter 
are destroyed, the intermediate parts will 


go likewise, and are not expected to do 


otherwise. 
other light, the actual erection of the pier 
may be carried on in one of two ways. 
The work may advance, as is usually the 
case, gradually and progressively from 
the shore; or the shore ends, central part 
and head may be first constructed, 
and the remainder subsequently added. 
Whichever course may be adopted—and 
supposing the theoretical assumpticns 
respecting the stability of the three 
points to prove true in practice—there | 
would still remain the chance of the in-| 
termediate portions being carried away | 
before they formed part and parcel of the | 
whole continuous structure. The ab-| 
sence of this continuity between what 
are assumed to be the self-supporting | 
parts of the pier, constitutes the danger | 
and risk incurred in its erection. It is! 
far more likely to suffer from the effects | 
of stormy weather while in a disconnected | 
and incomplete condition than when in a} 
finished state. The whole structure is so | 
braced that it cannot sway laterally, and | 
any tendency of this kind in a longitudi-| 
nal direction must be counteracted by | 
the pier being immovably tied at the 
shore end, at the central part, and at the| 


Viewing the subject in ap-| 


C. E. 
The New South Breakwater formed part of the 


| scheme of improvements now being carried out hy 


the Aberdeen Harbor Commissioners under the 
Act of 1868, and was completed in the autumn of 
1873. After describing the object of the break- 
water, and the design upon which it was originally 
commenced, the author observed that in carrying 
out the work, various methods of building with 
concrete in a liquid condition deposited in sifu 
were tried. The results proving satisfactory, the 
original design was to some extent departed from, 
and the portion of the work in deep water was ex- 
ecuted in the following manner: The foundation, 
after the loose material had been removed, was 


|laid with large bags contaming liquid concrete; 
| the work was then carried up with concrete blocks, 


of from 10 tons to 24 tons each, to 1 foot above 
low water of ordinary neap tides, from which level 
to the roadway, a height of 18 feet, it consisted 
entirely of liquid concrete deposited in situ. The 
toe of the breakwater was protected by an apron 
of bags, each containing about 100 tons of liquid 
concrete. Near the shore the foundation rested on 
rock, then, for a space of 100 feet, on boulders and 
gravel, and the outer portion was clay mixed with 
gravel and covered with large stones. The bags 
containing the liquid concrete were deposited in 
the foundations from iron skips, the bottom of 
which opened on hinges by the action of a trigger, 
and so discharged the bags. The sea staging con- 
sisted of a solid timber framework supported on 
Oregon pine masts, which rested on cast-iron 
shoes, each weighing 114 cwt., and havirg a 
socket on the upper side to receive the foot of a 
mast. The sole of each shoe was a flat octagonal 
plate 3 feet 8 inches across. The top of each mast 
had a cast-iron cap, with a socket 4 feet deep, the 
upper side being a flat, triangular table, measuring 
6 feet 10} inches by 6 feet 2 inches, to which the 
timber superstructure was fitted. The weight of 
each cap was 32 ewt. The superstructure of timber 
girders was composed of large logs keyed and 
bolted together, no trusses being used, and the 
whole was braced with ties and struts, and, for 
additional security, tied to anchors. It was stated 
that a length of 108 lineal feet of the staging had 
been erected in four weeks. 

The system of building with liquid concrete de- 
posited in situ above low-water level was then 
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described. With respect to progress and cost, it 
appeared that from the time the machinery was 
fairly at work, about 300 lineal feet had been com- 
pleted per annum; and that, taking into account 
the value of the plan now being used on another of 
the Aberdeen Harbor works, the cost had not ex- 
ceeded the estimate. The total length of the 
breakwater was 1,050 feet, and on this £76,443 
had been expended. In conclusion, the opinion 
was expressed that concrete blocks of the ordinary 
size of from 10 tons to 20 tons each were not suit- 
able for building a solid breakwater on sand or 


other soft waterial, and it was recommended tliat | 


the parts of such a work below low water should be 
in blocks of from 100 tons to 200 tons weight each, 
and that some of these blocks might with economy 
and advantage be deposited in a liquid state in 
bags. 
The second paper read was on ‘‘The Extension 
of the South Jetty at Kustendjie, Turkey,” by Mr. 
George Lenton Roff. This jetty, previous to its 
extension, was 450 feet long, and was protected 
against gales by a mole of pierre perdue and con- 
crete blocks. The design for the extension was 
governed by the following points: It was to be re- 
garded as a breakwater, to be so constructed as to 
avoid the necessity of lengthening the mole, and 


the existing traffic accommodation and loading- | 


berths were to be interfered with as little as pos- 
sible. These considerations made large concrete 
blocks necessary, and restricted the space available 
for operations to the last 50 yards of the existing 
jetty. The design adopted was that of concrete 
blocks, weighing about 30 tons each, resting upon 
pierre perdue. The stability of the blocks was 
tested by leaving five tiers untopped from Septem- 
ber, 1872, to July, 1873, at the then extreme end of 
the work. They were exposed to very heavy seas 
during the winter; but none of them were disturbed, 
except by ordinary settlement. The total length of 
the pier was 253 feet 6 inches; and the total cost, 
including that of the plant, had been about £13,000. 
The blocks in every case settled vertically, without 
disturbing the line of direction, the only effect of 
settlement being to open the joints of the concrete 
cap; and the slight openings at these points could 
easily be filled up with cement. The original de- 
sign was by Mr. Liddell. The work had been ex- 
ecuted by the author for the Danube and Black Sea 
Railway and Kustendjie Harbor Company (limited). 


IRON AND STEEL NOTES. 


HE “SHEFFIELD TELEGRAPH” states that Mr. 


John Heaton, C. E., at present resident in | 


Sheffield, is coming to the front again with a 
system of making iron and steel which, if carried 
to a successful issue, promises to mark a new 
phase in the history of these: industries. This 
gentleman has studied the manufacture of iron and 
steel from a chemical point of view, and has suc- 
ceeded in producing high-class products in a 
shorter time, at less expense, and with greater 
ease, than any producer who has yet preceded 
him; and the results of his discoveries must have 
an enormous influence on the trades with which he 
is connected. We believe that Mr. Heaton is the 
Owner of three several patents, and that in con- 
nection with a company he, until the year 1869, 
successfully carried on the manufacture of iron and 
steel at Langley Mill. A litigation arose which 


| ‘ 
has proved a long one, but Mr. Heaton is at last 


in possession of his patents, which he intends to 
work as soon as possible. 


joorexx OF FUEL IN FurNAcEs.—M. Foucault, in 
a report to the Industrial Society of Rheims, 
combats the idea that the smokelessness of a fire 
can effect a notable saving in the amount of fuel 
burnt. He alleges also, on the other hand, that a 
considerable loss of economy is produced by smoke- 
consuming apparatus. He brings, in support of 
| his opinion, the long series of observations made 
by the Industrial Society of Mulhouse, which have 
proved that, with the ordinary boiler furnaces, it 
is only necessary to consume from 125 to 150 cubic 
feet of air for each pound of coal, while furnaces, 
for the most part, pass twice that quantity. If the 
draught be reduced in quantity, much smoke is 
evolved, but the products of combustion, circulat- 
ing more slowly, part with their heat more readily 
to the boiler flues. It is further proved that the 
best means of reducing the loss of heat by the 
chimney is the use of feed heaters in the flue, so as 
finally to reduce to 200° the products of combus- 
tion, which are often discharged as hot as 400°. 
Feed-water heaters well set, will produce an econo- 
my of from 11 to 20 per cent., with a reduced 
draught. The conclusion that furnaces with 
large area and suitable feed-heaters are the most 
economical in all respects. But in order to obtain 
the best results much care.is needed in stoking. A 
little at a time and often should the coal be spread 
over the front of the fire, and the bright coal 
pushed back to the bridge. At the same time, the 
least possible quantity of cold air should be ad- 
mitted. 


is 


N= METHOD OF REROLLING Raris.—The Pitts- 
burgh ‘‘Manufacturer” says: ‘‘A new method of 
rerolling rails has been invented by J. P. Edwards 
of Cleveland, and patented by Messrs. Edwards 
and Rogers. The old rails of 60 pounds are cut in 
lengths of 15 feet, and reduced to 25 and 30-pound 
rails by passing through a set of rolls turned for 
that particular purpose. The rail is finished in 
five passes. The advantage of this invention is 
obvious and has been long sought after. The 
North Chicago Rolling Mill of Chicago are intro- 
ducing the patent into their mill. The same party 

| also patented a pair of billet rolls to reduce steel 

| rails to billets without lap or crease; also to roll 
| splice bars from crop ends of rails.” 

| 

| (Jaremazzon or NativE Oxipes or Iron.—In 

Sweden, and most other countries where iron 
is smelted with charcoal, the universal practice, 
from the most ancient times, has been to subject 
the nearly pure native magnetic and specular 
oxides of iron to a preliminary calcination before 
| charging them into the blast furnace. The reasons 

for so doing, if we except the statement that in 
practice it has been found better, have been vari- 
| ously given, and metallurgists generally are not 
agreed as to the true explanation as to why this 
| preliminary calcination should be necessary. The 
| results of an experimental inquiry into this subject 
| have recently been published by M. H. Tholander, 
| in the first and second numbers of Jern Kontorets 
| Annaler for this year, which, however, have 
reached us too late to prepare an abstract for this 
| present report.—Journal of Iron and Steel Institute. 
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UXES FOR STEEL.—In his work on the treat- 

ment of phosphoric irons, both wrought and 
cast, Lancauchez gives the composition of the 
fluxes made use of by MM. Verdie and Micolon, 
for the manufacture of steel by means of iron and 
steel scrap. The following are two recipes em- 
ployed by these gentlemen: 

No, 1, Kilogrammes. 
Peroxide of manganese........... 0.750 to 2.000 
Tungstate of iron................ 0.200 “ 0.700 
Borax 1 LE LOE SE EA eee eee 0.300 ‘ 0.900 
Carbonate of soda............... 1.000 “ 2.000 
NN i is i si mania etna 0.000 ‘ 0.500 
Pulverized charcoal.............. 0.150 “ 0.600 


Total for 100 kilogrammes (near- 
ly } cwt.) of cast steel....... 
No, 2. Kilogrammes, 

Peroxide of manganese........... 0.500 to 2.300 
Tungstate of iron * 0.750 
** 1.090 

Carbonate EE eee 1.500 ‘ 3.000 
NS aa 4 o:o.0/arnrsies:euind 0.150 “ 0.300 
Pulverized charcoal.............. 0.100 “ 0.500 


.2.400 to 6.700 


Total for 100 kilogrammes (near- 
ly } cwt.) of cast steel.. ..2.800 to 7.850 


These substances were well ground together, 
then calcined in old worn-out crucibles placed in 
the furnaces at a low heat, so that, during the 
night, perhaps for twelve or fourteen hours,. the 
mixture was exposed to a temperature of from 
1,200° C. (2,292° Fahr.) at the beginning, to 
500° C. (932° Fahr.) at the end. 


It is easy to see that, in this calcination, manga- 
nate of soda and basic borate were produced, and 
that the sal ammoniac was completely decomposed 
ander the form of chlorine and chloride of iron 


evolved by the tungstate of iron; then, the water 
in combination with the borax and the carbonate 
of soda, being partially decomposed at tempera- 
tures of 600° C. (1,112° Fahr.) was obliged to 
give up some of its oxygen to the peroxide in order 
to facilitate the formation of the manganates of 
soda and of lime. 

It will be remarked that in this chemical process 
there is no trace of silicium in the products men- 
tioned, which, with respect to the acid, had played 
the part of the most energetic bases, thus account- 
ing for the fact that their use was only possible in 
plumbago crucibles; now, as it was by chance that 
MM. Verdie and Micolon were unable to procure in 
Paris other crucibles than those of plumbago, 
which came from England, it is due to this chance, 
says M. Lancauchez, that a process has now suc- 
ceeded, which before had always failed. 

The recipes of MM. Verdie and Micolon ap- 
proach very nearly to that of M. E. Gallet: 

Kilogrammes. 

NS wi. 66 sae seoirc.chwalcnswaie 0.500 to 1.000 
en eas gum amen ae 0.120 “ 0.200 
Pulverized charcoal.............. 0 0.500 
Carbonate of lime. .............. 0.380 0.420 
Carbonate of potash............. 0.180 0.300 
Carbonate of soda.............. 0.020 0.020 
Eee 1.000 
Oxide of manganese..............0. 0.040 
a «Snes é 0.050 
PIN OE BOOB 6 505s sce scccccns 4 0.010 
Sal ammoniac 1.000 

1.000 


Water.................40 per cent. of the weight. 





This mixture must be made with care. The 
quantity to be used per 100 kilogrammes (nearly 
2 ewt.) of steel, varies from 3 to 7 kilogrammes 
(about 6 Ib. to 15 Ib.)—ZJron. 


IRECT MANUFACTURE OF STEEL.—It may have 
been thought by some that, with the Bessemer 
steel process, we had seen the last startling inno- 
vation in the commercial manufacture of steel; but, 
according to the latest news from Vienna, we are, 
perhaps, on the threshold of a further startling 
revolution in the metallurgical processes for the 
production of commercial steel. It is that of “di- 
rect” production of pure steel from the ore. For 
many years metallurgical engineers have been en- 
deavoring to substitute the treatment of minerals 
in cupola or blast-furnaces, by their reduction in 
reverberatory furnaces. ll efforts hitherto at- 
tempted in Europe or in the United States have 
failed to bear any considerable fruit. It is now 
thought that this problem has at last been solved. 

The first run of steel took place on the 27th of 
September last, at the ironworks of Verriéres 
(Vienna) belonging to M. Robert de Beauchamp, 
produced by direct treatment of the ores in a 

reverberatory gas furnace on the Ponsard system. 

The inventor himself conducted the operation with 
the assistance of M. Peripé, Director of the Société 
Genérale de Métallurgie at Paris. The apparatus 
was essentially composed of a gazogene, which 
transformed the ‘‘combustible” into the gaseous 
state; a large chamber of many compartments, in 
which the operations were conducted, and an ap- 
paratus in brick called the ‘‘ Regenerator,” which 
absorbed the waste heat of the furnace, and gave 
it back in the form of hot air. The compartments 
of the working chamber served successively for the 
reduction of the ore, for the reactions that had to 
be accomplished, and finally for the fusion of all 
the materials, so that the separation by the dif 
ference of densities should become possible. 

These different phases of the operation required 
very diflerent temperatures, and this is what the 
form of furnace is eminently suited to supply. At 
the charging doors furthest from the combustion 
chamber the furnace is only of a red heat, while 
nearer the combustion chamber the heat is so 
intense that one cannot look into the furnace with- 
out being dazzled. This temperature is estimated 
at 2,000° C. 

The success has been greater than was hoped 
for. The result obtained at Verriéres * showed 
clearly the possibility of producing steel direct 
from the ore, without passing through all the pro- 
cesses hitherto used. If the actual practical re- 
sults—and we can see no insuperable imprac tica- 
bility in the process—should at all approximate to 
the above startling facts, we cannot but think that 
our ironmasters have been outdone on their own 
ground, and that this is the foreshadowing of a 
further great revolution in the iron trade.—Jron. 


LECTRO-DEPOSITION OF [Ron.—An_ interesting 
paper was read by M. Volger before the Frank- 
fort Society of the Physical Sciences last autumn, 
which we have not seen properly noticed in Eng- 
land, and from which we extract the following 
notes relative to the treatment of iron: 

Forty years ago M. Peligot succeeded in reduc- 
ing chloride of. iron by means of hydrogen gas, 
obtaining regulus of iron in octahedric crystals; 
and he also succeeded in preparing small malleable 
plates. 
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In 1846, M. Boettger succeeded in yoy | 
chloride of iron by galvanism, but he soon foun 
that a mixture of ammoniacal sulphate and chlo- 
ride of iron was more advantageous for the pur- 
pose, and he prepared this mixture very simply by 
dissolving together two parts by weight of sul- 
phate of iron and one part of sal ammoniac. He 
employed a piece of iron plate at the positive pole, 
and at the other a piece of metallic iron scraped 
bright. He thus produced beautiful iron coins, 
the metal of which was extremely hard and steel- 
like, but so brittle that the medals often broke in 
pieces when taken from the moulds. It was 
therefore thought impossible to make any indus- 
trial use of this methed. 

In 1859, however, M. Jacquin published his me- 
thod of depositing an excessively thin coating of 
iron on engraved copper plates, and for this pur- 
pose he made use of M. Boettger’s process. 

Very lately the deposition of iron by galvanism 
has been greatly improved by M. Klein, of St. 
Petersburg. In 1808 he produced before the 
Academy of Sciences, of that capital, the results 


which he had obtained by means of an ammoni- | 


acal solution of sulphate of iron, and a Meidniger 
battery with a piece of iron plate at the positive 
pole. With these he produced, by precipitation of 
the iron, not only entire plates of steel from the 
hardest to the softest, for the reproduction of en- 
graved copper plates, which united the advantages 
of the softness of the copper for the engravers and 
the steel-like hardness of the iron for printing from. 
He also applied the method to the production of 


various articles iniron. In all cases the iron pre- | 


cipitated by M. Klein is very brittle, and he found 


that it was combined with hydrogen, and that its | 
specific gravity was not more than 7.675, that is | 


to say, a little more than rolled iron, but the hydro- 
n was driven off by annealing, which gave the 


iron the density of 7.811, which is greater than | 


that of hammered iron, and it then became per- 
fectly malleable, eminently flexible and elastic, 
and capable of being welded; in a word, possessing 
all the characteristics of excellent hammered iron. 

M. Volger exhibited to the Society steel repro- 
ductions of engraved plates prepared by M. Klein, 
a block made up of strips of the deposited iron 


welded together, forged, filed, and polished, and a | 
shield reproducing perfectly an elaborate repousse | 
composition of the ‘Battle of the Amazons,” | 


with a plateau weighing 15 Ibs. The most valuable 
application of electro-iron was pronounced by 
M. Volger to bein its employment in stereotype 
works, and especially in the case of printing in 
colors for the Government bank notes, checks, 
stamps, etc., as iron is not affected by mercurial 
pigments which ruin copper, type, and other 
metals, 


{JEMENtation or Iron.—We find in the Bulletin de 
P Association Scientique de France a study, by | 
Boussingault, on the cementation of iron for steel. | 
The difference of the material before and after 
cementation was determined by the most accurate 
methods with the following result: 


Before Cementation. After. 
4949.45 4994.20 
4914.30 


444.45 
— 0.70 
5.84 49.69 +43.85 
5.20 5.34 + 0.14 

0.30 — 0.29 


Difference. | 


Phosphorus 6.24 + 1.29 
Manganese : 10.99 none. 
Other elements... 16.98 17.33 + 0.35 


The most important deduction from the above 
is the fact that the sulphur is eliminated by fusion 
to the extent of one-half; a fact probably ex- 
plaining the better quality of steel made from 
cemented iron. The loss of iron is probably due 
to the formation of chloride by reaction on the 
alkaline chlorides, in the cement powder. 
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| AILWAY PROJECTS IN THE East.—At a recent 
meeting of the Société de Géographie, a letter 
| was read from M. de Lesseps, stating that his son, 

|M. Victor de Lesseps, and Mr. Stuart, an English 
| engineer, had returned, after ten months’ explora- 
|} tion on the frontiers of Afghanistan and among 
| the Himalayas. Their observations and unpub- 
| lished geographical works placed at their disposal 


| by the Indian Government gave a choice of three 
| routes for railway communication between India 
| and Russian Asia:—1l. From Peshawur to Caboul, 
| Balkh, Samarkand, Tashkend, Fort Orsk, and 
| Orenbourg. 2. From Peshawur by the valley of 
| the river Caboul, Chitral, the Pamir table-land, the 
| basin of the Yarkand river, the towns of Yarkand, 
| Kashgar, Kokand, Tashkend, Ekaterinbourg or 
Orenbourg. 3. From Lahore to the course of the 
Seloum, the river Nedridge, Shyok, Karakorum, 
the rivers of Yarkand, Kashgar, the towns of Ko- 
| kand, Tashkend, valley of the Jaxartes, and Eka- 
terinbourg or Orenbourg. The first and second 
of these, though practicable from an engineering 
point of view, seem excluded on other grounds; 
fanaticism and civil wars prevailing in the terri- 
| tory to be traversed up to the Russian posses- 
sions would even preclude surveys from being 
made, and both Russia and England would be 
hostile to any project involving their intervention 
in the affairs of Afghanistan. As for the third 
route, which alone seemed feasible to the ex- 
|plorers, the crossing the Himalaya and Cash- 
mere chains would be a serious undertaking; but 
the explorers found out that by following the valley 
of the Seloum and ascending to Srinagur, the 
capital of Cashmere, great heights might be reach- 
ed by gradual slopes, as was stated before their de- 
parture by the late M. Elie de Beaumont, whose 
statement that the rock to be cut in case of a tun- 
nel between one valley and another would be 
softer than in European mountains, had also been 
| confirmed. The greater length of the line would 
be compensated by security to life; for, whereas 
| no traveller could go from Peshawur to Tashkend 
| by Afghanistan without danger, a journey between 
| Lahore and Yarkand offered no serious perils. 
The explorers met Mr. Russell in the Himalayas 
with 600 mules laden with English goods, while 
merchandise from Yarkand is now sold in London. 
Cashmere, moreover, is under a tributary of the 
Indian Government. Eastern Turkistan or Kash- 
gar is governed by an intelligent young sovereign, 
| Yakoob Beg, who had just concluded a liberal 
treaty with England. His capital, Yarkand, with 
| 300,000 inhabitants, would become the junction 
| between the Anglo-Indian and the Central Asian 
| lines, as also the starting point of a direct line to 
| China. When England, added M. Lesseps, sees 
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Russia extending her railways from Central Asia 
to Tashkend and the frontiers of Eastern Turkis- 
tan, she will not like to remain outside the great 
commercial traffic which will result from it. She 
will hasten to promise the survey and construction 
of a railway facilitating her commercial interests 
with Central Asia and Western China. 


Nate Ratiway ENGINEERS For InpIA.—It has 
long been apparent that if the extension of In- 
dian railways was meant to keep pace with the ex- 


pressed desires of the Government, the lines must | 


be conducted by native agency with a moderate 
amount of European supervision. 
of the natives know much about practical mechan- 


ics, and men who have a familiar acquaintance | 


with the branches which are most essential in rail- 
way practice are extremely rare. The mere intro- 
duction of European skill and appliances in vari- 
ous manufactures and public works, especially 
railways, which has taken place to a large extent 
of late years, has indeed produced an unpremedi- 
tated education in mechanics among the quick- 
witted Hindoos; and natives who can manage a 
steam engine have long been found in the presi- | 
dency towns. There are a few of them who are 
even capable of driving a locomotive engine, 
although many engineers of experience express 
doubts whether the nerve and readiness of me- 
chanical resource required to make a good driver 
are likely to be found largely among the natives of 
India. The local government, which evidently 
does not share in this opinion, has determined to 
make a systematic attempt to train native engine 
drivers and mechanics of all kinds, as well as 
plate-layers, for the service of the State railways 
to assist the European agency in this department. 
If the experiment should prove successful, not only 
will a considerable saving be effected, but a new 
field of employment will be opened up for the na- 
tives themselves. In regard to plate-laying, it is 
thought that the object may be obtained by allow- 
ing to the inspectors on the various State railways 
an apprentice fee for every native they instruct and 
turn out a really qualified foreman plate-layer, 
capable of superintending the maintenance of 
twenty to thirty miles of railway. Such men could 
readily command ten shillings a week, which is ex- 
cellent local pay; and Lord Northbrook is anxious 
that the experiment should be tried immediately. 
As respects the instruction of natives as engine 
drivers, it is of course essential that a driver 
should have served in workshops, and be qualified 
not merely to keep his engine in good going order | 
and drive it, but if anything goes wrong, to find out | 
the source of the mischief and rectify it. Hitherto | 
few natives have passed from the workshops to 
be employed as drivers; but the Government of | 
India thinks that this state of affairs might be | 
remedied without much difficulty. In the opinion | 
of those who constitute it, with a proper selection 
of intelligent men, physically fitted for such work, | 
and with careful training, both in and out of the 
shops, a better result may be looked for, more espe- | 
cially with the lighter engines and slower speed of | 
the metre gauge lines. A great deal will naturally | 
depend on the earnestness and aptitude of the in- | 
structors, and especial care must be taken to in- | 
sure a close control over the men, particularly as 
regards the proper charge being taken of the en- | 
gines consigned to their hands. It has also been | 
suggested that an attempt should be made to train | 


At present few | 


| 
| 
| 
| 
| 


some of the native sappers and miners to the duties 
connected with the construction and maintenance 
of railways. Suitable occupation could readily be 
found for them in times of peace, while in war 
time they would naturally prove very useful. This 
is a question which remains open for the consider- 
ation of the military authorities; but if it should 
meet with their approval, it would be easy to 
| arrange on the State railways for the training of a 
company, or a selected portion of each company, 
| on all the special details of railway construction, 
etc.; and it is probable that from among such 
a number of men individuals would be found will- 
ing to go through a course of training in work- 
shops, and to perform the duties of engine drivers 
| efficiently when the educational period ended.— 





| The Engineer. 





ENGINEERING STRUCTURES. 


Por Sarmp.—The Suez Canal Company is length- 

ening the western mole of Port Said, and 
clearing away the deposit which on that side of 
the entrance was fast encroaching upon the already 
somewhat narrow channel leading into the port. 


| It is intended to carry the breakwater on that side 


out into six fathoms of water, when its total 
length will be about 10,340 feet. Some 200 feet 
were completed last year, but the whole will not be 
finished for another three years at least. The 
company has taken over the concrete manufactur- 
ing establishment of Messrs. Dussand, and it is 
now making concrete on its own account. I[y- 
draulic lime, sea sand, and water were formerly 
used, but small stones obtained from the Greek 
Islands have now been found to answer the pur- 
pose better than sea sand. The breakwaters as 
barriers to the sea are everything which could be 
desired, but below water there are numerous open 
spaces through which sand brought down by the 
Nile current finds its way. 


New Harsor at Dover.—Her Majesty’s gov- 
1 ernment will, it is authoritatively stated, 
~arly in the next season of Parliament, introduce 
a bill for the speedy execution of a plan which has 
been recently agreed upon between the various 


| public departments for the construction of a large 


military and general harbor at Dover. The harbor 
which the government have resolved to construct 
will cover an area of about four hundred acres, 
with a depth varying at low water of spring tides 
from one to six fathoms. It will serve at once as 
a packet harbor, a coaling-station for men-of-war 
of all sizes, a commercial harbor to be used subject 
to the payment of tolls, a depot for munitions of 
war, and a harbor of refuge on a small scale. 
Such a harbor, protected by the batteries near the 
castle and on the western heights, and by a large 
fort now in course of construction on the Admiral- 
ty Pier, would be of great advantage to England in 
case of a European war. The whole coast of 
France from the mouth of the Seine, and the whole 
coasts of Belgium and Holland, would be com- 
manded by a small fleet which should make Dover 
the basis of its operations, and, indeed, almost 
any North Sea fleet would naturally send its vessels 
to coal at Dover, if accommodations for the pur- 
pose were once provided within so short a distance 
of London, and opposite the new harbor which has 
just been undertaken by the French government 
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between Calais and Boulogne. It is expected that 
the bill will pass without opposition by the end of 
March, and that the works will be actually com- 
menced by June next at the furthest. These works 
will cost, as near as possible, a million pounds 
sterling. This money it is proposed to obtain from 
the Public Works Loan Commissioners, at a rate 
of 3} per cent., in such sums as may be from time 
to time required, so that Parliament, having once 

1 the bill that is now being prepared, will not 
be called on to provide any more funds. The cost 
of the works will be refunded by a toll of 1 shilling 
per head on passengers landing or embarking, by 
an annual rental from the South-Eastern and the 





Chatham and Dover Railway Companies, and by 
the usual harbor dues, ground rents, receipts for 
wharfage, and the like, the total annual revenue | 
being calculated at something between £35,000 
and £40,000. This will pay the interest and pro- 
vide a sinking-fund, by means of which the cost of 
the works will be repaid in something like, it is 
believed, twenty-five or thirty years, or, if the 
traffic continues to increase in anything like its | 
present ratio, in a much shorter period. The works 
will be carried out. under the direction of Mr. 
Edward Druce, C. E., who has been for twenty 
ears resident engineer at the Admiralty Pier. The 
materials will be almost exclusively the concrete 
blocks which have been so largely used below 
water in the existing works, and some of which | 
that have been immersed for fifteen years, and | 
have recently been recovered, show no signs of | 
deterioration, and are, indeed, additionally bound 
together by growths of molluscs. When the new} 
harbor is completed—even when the new packet | 
pier is finished—and when the French government | 


has got the new port at Audrecelles, that has just | 
been sanctioned, ready for use, there will be no} 
longer any excuse, whether the Castalia and Bes- | 


semer succeed or fail, for the inferiority of the 
steamers on the Straits of Dover to those beautiful 
boats which have now been running most success- 
fully and remuneratively for over ten years between 
Dublin and Holyhead; indeed, there will be no} 
reason why the passage from Dover to the new | 
port under Cape Grisnez should exceed an hour, or | 
seventy minutes at the most, in ordinary weather, 

while the mails and passengers will be able to 

cross, no matter how bad the weather might be, 

which is not always the case at present.—IJron. 





BOOK NOTICES. 


HE BLowPIPE; A GUIDE TO Its USE IN THE 
DETERMINATION OF SALTS AND MINERALS.— 
Compiled from various sources by GrEorGE W. 
Piympton, C.E., M.A. New York: Van Nostrand, 
Murray and Warren Streets. London: Triibner & 
€o., Ludgate Hill. Price $1.50. 

For the rapid determination of the approximate 
composition of minerals the blowpipe is, when 
ordinary care is used, thoroughly reliable, and at 
the same time most convenient for the practical 
Man, owing to the extreme portability and com- 
pactness of the whole apparatus required for mak- 
ing the tests; and to facilitate the acquisition of 
the knowledge necessary for its successful use, 
Prof. Plympton, of the Polytechnic Institute, of 
Brooklyn, N. Y., has compiled this very useful little 
volume, designed especially for the learned. In the 
first and second parts, which treat of the appara- 


| testing their purity. 





tus and reagents, and of the general examination, 
Sheerer and Blanford have been chiefly followed, 
while in the third part, in which the various me- 
thods for the determination of minerals, by the aid 
of the blowpipe, are explained, Guerout’s Guide 
Practique, translated from the manual of Dr. 
Fuchs, of Heidelberg, has been taken as the basis, 
but throughout the volume Prof. Plympton has in- 
troduced emendations and improvements of con- 
siderable importance, and which adapt the book 
to the requirements of English and American 
readers. It is remarked, that, perhaps, during the 
last fifty years no department of chemistry has 
been so enriched as that relating to analysis by 
means of the blowpipe. Through the unwearied 
exertions of men of science the use of this instru- 
ment has arrived at such a degree of perfection 
that we have a right to term its use analysis ‘‘in 
the dry way,” in contradiction to the analysis ‘‘in 
the wet way.” The manipulations are so simple 
and expeditious, and the results so clear and char- 
acteristic, that the blowpipe analysis not only 
verifies and completes the results of analysis in the 
wet way, but it gives in many cases direct evidence 
of the presence or absence of many substances 
which would not be otherwise detected without a 
troublesome and tedious process, involving both 
prolixity and time; for instance, the detection of 
manganese in minerals. 

It being essential to the blowpipist that he should 
be not only well acquainted with the nature and 
use of the various pieces of apparatus, but that he 
should know which form is the most convenient 
and of greatest general utility, Prof. Plympton de- 
votes a couple of dozen pages to the consideration 
of the utensils—the blowpipe, the lamp, the char- 
coal, and platinum supports, iron spoons, glass 
tubes, and other apparatus necessary; and then 
describes the reagents, and explains the method of 
It is gratifying to find that 
the author has not only adopted the modern 
chemical notation, but that he has also, in one or 
two cases, used the metric measures. It is a most 
remarkable circumstance that the Americans, 
usually so quick to recognize improvements, and 
so clever in making them themselves, should in 
the two important points of chemical notation, 
and the adoption of the metric system of weight 
and measures, have suffered themselves to be left 
so far behind by less progressive European nations. 
Even in Engiand, the very hot-bed of prejudice, 
the metric system, from its unquestionable super- 
iority, has long since been adopted by the leading 
scientific and especially chemical writers, although 
the stupidity of the general public has not yet been 
overcome, and in Germany, where the relations 
with France have rendered anything of French 
origin particularly unpopular, the undoubted ad- 
vantages of the metric system have led to the 
adoption of the exact half kilogramme as the 
Zollpfund, or unit of weight, the Zolicentner being 
50 kilogrammes, and the Ton 1,000 kilogrammes. 
Yet in America, where the existence of a decimal 
coinage renders the adoption of a corresponding 
system—the metric system—specially desirable, 
there is as much opposition as if the nation were 
antiquated and effete. Let us hope the time is not 
far distant when tlie metric system will become 
universal. Having been taught the use of the 
apparatus and reagent to be employed, the student 
is next introduced to the initiatory analysis—the 
examinations with the glass tube, open tube, and 
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charcoal in the platinum forceps, borax bead, 
microcosmic salt, and carbonate of soda; and the 
confirmatory examinations, ample tables being 
provided to facilitate his researches. In the third 
part, treating of the determination of minerals by 
the aid of the blowpipe, the various minerals are 
classed according to its behavior on charcoal, 
whether it volatilizes or burns, emits a given 
odor, gives off fumes of antimony, coats the char- 
coal, or leaves a characteristic residue; to its be- | 

havior with carbonate of soda, in the borax lead, 
or with cobalt solution; according to the effect | 

produced upon it by hydrochloric acid, and so on, 
so that the group to which a mineral under ex- 
amination belongs is readily ascertained, and there | 
will be scarcely more difficulty in deciding g which | 
particular member of the group it is. } 
For the practical man requiring a comprehen- 
sive and portable volume few better than Prof. | 
Plympton’s could be recommended. The general | 
character of Scherer and Blanford’s is too well | 
known and appreciated by professors and students | 
to render any special commendation of the first | 
and second parts necessary ; while with regard to 
the third part, the arrangement is at once. simple | 
and excellent, it is concise, yet gives all the neces- | 
sary information, leaving really “nothing to be de- 
sired by those who take the book for their guide. | 
—London Mining Journal. | 


A ~—— or APPLIED MECHANICS. By Hen- 
y Evers, LL.D. London and Glasgow: W. 
Collins, Sons & Co., 1874. Price 75c. 

This is one of Collins’s Elementary Science Series, 
and is quite equal in merit to the other members 
of perhaps the most valuable of all the cheap col- 
lections of scientific manuals which recent events 
have educed in such overwhelming numbers. After 
a general introduction, in which the elements of ap- 
plied mechanics are recapitulated, the author treats 
in succession of the properties of the chief woods 
used by machinists, and then passes to the metals, 
explaining the modes by which they are procured 
and their various properties. Water as applied for 
mechanical purposes is next treated of, and then 
follows a practical dissertation on the strength of 
Materials, and a description of the tools and ma- 
chines employed in the mechanical arts. Well- 
executed illustrations are freely supplied, with a 
useful and sufficiently copius index, a prime re- 
quirement in a book of this, or indeed any kind.— | 
Tron. | 
Ints TO YouNG ENGINEERS. By J. W. Wilson, 

C. E. London. For sale by D. Van Nostrand. 

A useful brochure by Mr. J. W. Wilson, C. E., 
Principal of the Crystal Palace School of Practi- 
cal Engineering, has been published by Messrs | 
Spon, of Charing Cross. The value of the practi- 
cal advice, of which the little work contains much, | 
is not impaired by the pleasant vein of dry humor | 
that crops up at intervals. It is very readable, 
and thoroughly practical, such, in a word, as few 
readers, professional or other, can fail to enjoy and 
profit by. 

| 
MM Beestocy. By F. Rutley, F.G.S. London: 
Thomas Murby, 1874. 


Into this little manual, which is one of Murby’s 
Science and Art Department Series, the author has | 
compressed a large amount of instructive matter, 


| Analysis,” 


very lucidly arranged, and selected with judgment, 
so as to suit the “requirements of beginners, the 
minerals being grouped according to their most 
prominent basic constituents, and “each group be- 
ing prefaced by a sufficient description of its lead- 
ing characters, chemical and physical. The intro- 
ductory definitions and general descriptions will 
be found very useful, as will also the instructions 
in the use of the blow-pipe; and the diagrams in 
the crystallo-graphic portion are drawn on a novel 
| plan, and are better calculated to give exact ideas 
of the form and relation of the planes of the crys- 
tals than that on which they are generally repre- 
sented. The subject of polarization is treated with 
unusual clearness.—ZJron. 


oLor. By A. H. Church, M. A. London: Cas- 

sell, Petter & Galpin. Price $1.00. 

This is a new edition to Cassell’s Technical Manu- 
als. It is abundantly and beautifully illustrated, 
and will be read with interest by the general rea- 
der, but it is furthermore so complete in its array 
of facts as to be of valuable service to the student 
and lecturer. 


Maxvaz oF Toxtcotocy. By John J. Reese, 
M.D. Phila. J. B. Lippincott & Co. $5.00. 
Although this field of scientific labor has been 


| ably worked alres audy, and the results abundantly 


recorded, yet we trust the present treatise will be 


| well received. 


The reputation of the author will secure earnest 
attention to his writings. Much is written that 
has been presented before, but in a familiar, easy 
reading style that is the author’s own. More than 
the usual space is devoted to the medico-legal part 
of the subject; and two subjects—‘‘ Post-Mortem 
Imbibition of Poisons,” and ‘‘ Duties and Privileges 
of Medical Experts” are treated for the first time 
at considerable length. 


Maxcez OF DETERMINATIVE MINERALOGY, WITH 
AN INTRODUCTION TO BLOW-PIPE ANALYSIS. 
By Prof. George J. Brush. New York: John 
Wiley & Son. For sale by D. Van Nostrand. $3.00. 

This excellent supplement to the ‘“ Descriptive 
Mineralogy ” of Dana has been long expected, and 
will prove very acceptable to students. 

The first portion of the work is devoted to a 
‘‘Systematic Course of Qualitative Blow-Pipe 
mostly arranged from Berzelius and 
Plattner, and is quite complete enough as a pre- 
paration for the remaining portion of the work— 
Determinative Mineralogy. This portion consists 


/entirely of tabular classifications of minerals, 


based upon the reactions afforded by “simple 
chemical experiments in the wet and dry way.” 

It is an indispensable aid to the student of 
mineralogy. 


| (omnes oF PROXIMATE ORGANIC ANALYSIS, FOR 
THE IDENTIFICATION, SEPARATION, AND QUANTI- 
TATIVE DETERMINATION OF THE More CoMMONLY 


OccuRRING OrGANIC Comrounps. By Albert B. 
| Prescott, Professor of Organic and Applied Che- 
mistry in the University of Michigan. New York: 
D. Van Nostrand, 1875. 12mo, pp. 192. $1.75. 
This is the first and only book published in the 


| English language which attempts to give, in con- 


cise form, the reactions of organic substances. 
Proximate organic analysis has not yet been re- 
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duced, like mineral analysis, to one complete | 

tem. For many organic substances there are 
no distinct tests, and no means have been discov- | 
ered for separating them from other bodies with | 
which they are combined. There are, however, 
certain classes of bodies which permit of isolation | 
by fractional distillation, by solution, or by preci- 
pitation, and some of these, like the alkaloids, 
give characteristic colors with certain oxidizing | 

nts. Many other well-known organic principles | 
give characteristic reactions when by themselves. | 
Some of these are carefully given in works on tox- | 
icology, or in the pharmacopeeias, while others are 
scattered far and wide through chemical diction- 
aries, and in the proceedings of chemical societies, 
and in the pages of chemical journals. Professor 
Prescott has done_a great service to the analyst in 
collecting together so many of these reactions, em- | 
bracing the tests for more than 200 organic prin- 
ciples, and publishing them in a neat little volume 
at a price within the reach of all. 

The author arranges the organic bodies of which 
he speaks under the following general heads :— 
Solid Acids, volatile and non-volatile; Liquid | 
Acids, volatile and non-volatile; Fatty Acids; 
Neutral Substances, liquid or fusible; Bases, liquid 
and solid; Glucosides and other solid neutral sub- 
stances; Nitrogenous Neural Bodies; Carbohy- 
drates; Alcohols and their products. The new 
notation is used throughout, and the work is evi- 
dently up with the times. A book so long needed 
cannot fail to meet with the reception it deserves. 

—Journal of Applied Chemistry. 


| 
| 
| 


| 
| 
| 
} 
| 
| 
| 


MISCELLANEOUS. 


[= CoLORATION oF METALS.—It is possible to 
color metals rapidly and at very little expense 
by means of covering their surface with a film ofa 
sulphurous solution. In some minutes, by means 
of this composition, any objects in brass or gun- 
metal can be given a tint of gold, of copper, of 
carmine, Of maroon, of bright analine blue, a paler 
blue, and finally a pinky white, according to the 
thickness of the film, which again depends upon 
the time during which the metal is plunged into 
solution. The colors thus obtained have a beauti- 
ful lustre, and if the objects have first been sub- 
jected to the action of acids or of alkalies, the 
colors adhere so intimately to the surface of the 
articles that they will resist the action of the tools 
used to polish them. To prepare the solution, 
42.5 grammes of hyposulphite of soda is mixed 
with 450 grammes of water; to this must be ad- 
ded 45.5 grammes of acetate of lead, dissolved in 
225 grammes of water. In raising this solution 
toa temperature of 190 deg. to 200 deg. Fabr., it 
is decomposed, and the sulphide of lead is precipi- 
tated in the form of black flakes. - If the metal is 
present, a portion of the sulphide of lead is depo- 
sited on it, and the colors, as we have before de- 
scribed, are produced according to the thickness 
of the deposit. In order that they should be uni- 
form it is necessary to heat the «bjects equally 
throughout. Iron thus treated takes a steel blue; 
zinc takes a brown color. If in the place of ace- 
tate of lead an equal quantity of sulphuric acid is 
added to the hyposulphite of soda, and the oper- 
ation is carried on in the same manner, but at a 
slightly higher temperature, gun-metal or bronze 
becomes a beautiful red, then green, and finally an | 
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irradiated tint of green and red most striking and 
beautiful. This last color deserves remark from 
the fact that it is durable, which is not the case 
with all the other colors. It is possible to obtain 
most beautiful imitations of marble by means of 
a plumbic solution thickened by adragant (traga- 
canth) gum applied to bronze previously heated to 
Fahr. It is treated finally with the ordinary 
solution of sulphide of lead. This solution will 
serve for many operations.—Iron, 


OUND THE WorLpD.—An English paper says: 
The following comparative statement of dis- 


| tances, time, and fares applies to existing condi- 


tions of first-class passengers from Liverpool by 
the American route, and from Southampton by the 
Suez route. 


DISTANCE, TIME, AND FARES. 


Via Suez Route. 

Miles. Days. £. 

56 103 

53 103 

48 93 

62 102 

57 88 82 

56 «88 8, 

The best statement of the aggregate fares, time, 
and distances that we have seen is as follows: 


Via American Route, 
Miles. Days. £. 
11,382 72 

82 
82 
82 


To 
Yokohama 
Shanghai 
Hong Kong 
Auckland 
Sydney 
Melbourne 


THE MODERN ROUTE AROUND THE WORLD. 


Miles. Days. Hrs. 
ocecece 200 
i] Steamer]. 3,000 
890 


London to Liverpool.... 
Liverpool to New York [Ma 
New York to Chicago [(Kailway].. 
Chicago to Omaha [Railway] 
Omaha to San Francisco(By Union and 
Central Pacific Railways])......... 1, 
San Francisc» to Yokohoma .... 4, 
vokohma to Shanghai (Steamer]...... 1,1 
Shanghai toHong Kong [Steamer).... 
Hong Kong to Calcutta (Steamer, via 
BANE). cocccccecccccess 
Calcutta to Bombay [Railwa ey 
Bombay to Suez (Steamer]........ 
Suez to Alexandria [Railway] 
Alexandria to Brindisi or Venice [str.] 
Brindisi or Venice to London [Railway] 1,200 


10 
1 
1 


_ 


to 
m6 


_ 
bo bo 


oe 
B | coe 


24,103 
Fare for the above route......£195 
Under these conditions, it is not an over-sanguine 
belief that the current of travel is turning more 
decidedly toward the American route. 

f\ ssoczarion oF FoREMEN MECHANICS.—This pe- 
fi culiar weakness of our practical foremen may 
seem a small matter to so gravely discuss, but we 
hold that we have in a great measure to thank this 
foible, or ‘‘rule of thumb,” for our present superi- 
ority over many French manufacturers, and our 
considerable inferiority to America in the market- 
able production of novelties. In the case of 
French engineers especially, they are so fond of de- 
signing and working theoretically that the natural 
instinct of the eye is allowed no play, and they 
frequently find themselves on the wrong side for 
strength. Whereas, in our own workshops, we 
believe that the eye has often saved our reputation 
at the expense of imperfect theory. On the other 
hand, in the case of America, they are entirely 
without traditional precedents, and thus, when 
a certain object has to be obtained, the American 
sets to work, perfectly untrammelled in his ideas, 
to effect his purpose in the readiest manner. This 
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ives a certain peculiarity and eccentricity to his 
designs for the commonest articles, which would 
strike an English eye at once, and perhaps are not 
to be imitated with advantage; but at the same 
time we see the most surprising and revolutioniz- 
ing novelties, designed, manufactured, and in 
large demand, before we in Britain would have de- 
cided that the arrangement was practical. How- 
ever, our foremen will no doubt learn wisdom, and 
the knowledge that “novelty” does not always 
mean ‘impracticability ” by the continued success 
of so many transatlantic novelties, and the above 
Association is just the sort of place in which to do 
so. We wish it every success and increase; and 
if this should meet the eye of any enterprising 
unattached foreman, he cannot do better than at- 
tach himself at once to the Association; and we 
hope that he and all his fellow foremen will take 
the hint that prejudice and dogmatism are gener- 
ally the mark of an ignorant, and not essentially 
of a practical man.—Iron. 


(juauen PROTESTING AGAINST THE INTRODUCTION 
or RAILWAYS INTO THE CELESTIAL EMPIRE.— 
‘Two very curious articles have been published by 
a Shanghai native newspaper, the wei-Pao, pro- 
testing against the construction of railways in the 
Chinese empire. The Hwei-Pao is of opinion that 
the existence of railways in Europe is too recent 
to admit of a judgment being formed as to their 
practical utility, and, moreover, that there is not 
sufficient business in China to render them profit- 
able. 


‘‘tea and silk are the principal objects of commerce, 
and these have hitherto been forwarded to the 
treaty ports by river steamboats. 


A substitution 
of railways for steamboats would not effect any 
saving in point of time, and could not, therefore, 
even from the point of view taken by the foreigners 
themselves, be of any service to China. Admitting 
that a little time was gained, the Chinese would 
not be benefited, for the goods would not be ex- 
ported more rapidly. Thus the railways would 
only lead to an accumulation in the ports of vast 
quantities of goods, which, as they could not be 
shipped off all at once, would fall considerably in 
price.” The Hwei-Pao also says: ‘‘The accidents 
on the railway lines are very numerous, caused by 
collisions, by the engines or tenders taking fire, by 
the trains running off the lines, or by the bridges 
giving way and the trains being precipitated into 
the rivers below. In other cases the carriages are 
injured by the great speed at which they are 
hurried along, and the accidents are so numerous 
that it is often impossible to ascertain the exact 
number of dead and wounded. All the foreign 
journals are full of details concerning these acci- 
dents. But, admitting that most of these casual- 
ties are preventable, and that the trains follow 
their regular course, they travel quicker than the 
thoroughbred horse, and the people walking on 
the lines would have no time to get out of their 
way. From this cause alone the number of fatal 
accidents would be enormous. In all countries 
where railways exist they are considered a very 
dangerous mode of locomotion, and beyond those 
who have very urgent business to transact, no one 
thinks of using them.” This latter statement can- 
not as yet be accepted in its entirety; but unfor- 
tunately, we have every reason to know that, so 
far as England is concerned, travelling by railway 
is ‘‘a very dangerous mode of locomotion.” 
—Railway News. 


The Chinese journal goes on to say that | 





(Sazzosic Acip Gas AS A MoTIvVE Power.—Our 
readers are well aware that from time to time 
various substitutes for steam as the motive agent 
of engines, more or less similar to those which are 
in ordinary use, have been proposed. It cannot be 
said that as yet any have been attended with that 
practical success which was to be desired. This is, 
however, no reason why farther efforts should not 
meet with a more favorable result, and we have 
had laid before us, certain proposals which appear 
of a very valuable character; though of course in 
this, as in other matters, experience will have to 
decide the problem. 

Carbonic acid gas naturally suggests itself as a 
likely subject for experiment. It may be reduced 
into a liquid state by the compression of its own 
molecules under a pressure of some 33 atmospheres, 
and the merest tyro will at once see what an im- 
mense reservoir of force carbonic acid gas so 
treated must be. Dr. D. W. Gwynne, noting this, 
has for some time been engaged in devising means 
for utilizing this property of CO.; and has arranged 
a complete system for its production and applica- 
tion, the plans for which were forwarded by him to 
the Earl of Caithness some six months since. 

Dr. Gwynne generates his CO2 by the treatment 
of some substance containing it in combination by 
an acid. Limestone, chalk, the carbonates of the 
alkalis, etc., would yield an inexhaustible supply, 
and the acid might either be sulphuric or hydro- 
chloric. Where economy of space is a consideration 
a bicarbonate of an alkali could be employed. 
But under ordinary conditions chalk or limestone 
would answer every purpose. The chalk, or what- 
ever else was employed, would be acted upon by the 
acid in a closed receptacle or generator, a general 
idea of which would be supplied by one of the 
cylinders used in the manufacture of zerated waters. 
The generator would be fitted with a gauge, and 
suitable means for attaching it to a receiver. 
A double cock or collar would serve to cut off the 
connection with the receiver, and the gange would 
show the pressure. The receiver represents pre- 
cisely the steam-chest of an ordinary steam-engine, 
and as such an engine may, and often does, have 
several boilers, so to each receiver may be attached 
any number of generators required, determined by 
the needed amount of power. From the character 
of the fittings one or more generators may be re- 
moved or replaced without interfering with the ten- 
sion of the gas inthe receiver. Under the receiver 
Dr. Gwynne places a small furnace; and as the 
tensive power of the gas is greatly increased by the 
addition of heat—1.480 volume for each degree— 
the value of this arrangement will be seen. 

By Dr. Gwynne’s process it is easy to obtain gas 
which would exercise a power of 30 atmospheres 
without liquefaction. Such a pressure, however, 
would, in his view, never be required, and any grad- 
uated pressure from 1 up to 30 could readily be ob- 
tained by due regulation of the apparatus and mate- 
rials. As the deadly nature of ,the gas (which 
causes closure of the glottis or attempted inhal- 
ation) requires a provision for its neutralization in 
its escape from the engine, Dr. Gwynne has met 
this by passing the escape pipe into a tank of lime- 
water. 

Such in brief is an outline of a plan which well 
deserves attention. Sooner or later some substi- 
tute for steam must be found, and he is a public 
benefactor who labors to that end. 

—NMining Journal 
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